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The Indian Sundarbans is a hotspot of global climate change. This delta harbors 4.3 million 
people who are mostly dependent on natural resources for their livelihood and are vulnerable to 
impacts of erosion, salinization of agricultural lands, rainfall variability, and tropical cyclones. 
This study aims to understand how residents of the coastal areas including deltas and small islands 
adapt to environmental changes and problems. It specifically focuses on migration as an 
adaptation. It uses household level primary data collected by interviewing 300 participants from 
10 different villages of the eastern and western parts of the Indian Sundarbans. Through a mixed 
method of data analysis this study examines people’s perception of environmental change and its 
impacts, adaptation practices, particularly the different ways migration is being used as an 
adaptation, the environmental and non-environmental determinants of adaptive migration, and 
people’s willingness to permanently relocate to environmentally safer places in the future. The 
results show that residents perceived significant environmental changes and problems in the last 
10 years in the Sundarbans. To reduce the impacts of such change they mostly preferred in-situ 
structural and non-structural adaptation measures but 58% of the households pursued temporary 
migration as an adaptation strategy. Temporary migration was pursued as a reactive strategy to 
cope with the economic impacts of natural hazards or disasters, or as a livelihood diversification 
strategy for present economic security and to prepare for future hazards or as an alternative income 
source for the households that suffered irrevocable losses of agricultural lands due to erosion. The 
remittances from migration helped in household consumption and small-scale investments in non-
farm economies. This study also revealed that even though remittances reduced the impacts of 
natural hazards, environmental change and problems were not the determining factors of migration 
but acted as catalysts of migration by negatively influencing agricultural income. The probability 
  
of migration was greatest among the households that relied on agriculture as the only livelihood 
and decreased as households shifted to non-farm livelihoods. Among the environmental factors, 
erosion was found to be the only statistically significant determinant of migration. While labor 
migration was widely used as an adaptation, 92% of the residents were not willing to permanently 
relocate away from their native villages in the Sundarbans despite perceiving environmental risk.  
These residents shared a deep sense of belonging with their birthplaces and communities. They 
have lived through environmental problems and believed that unpredictability in the potential 
destination cities is riskier than environmental changes in the Sundarbans. More importantly, they 
lacked the resources needed to relocate with families. However, a few households—mostly from 
the erosion affected places—were willing to relocate if the government provided them with free 
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Chapter 1 - Introduction 
Deltas of major rivers such as the Ganges-Meghna-Brahmaputra, Mahanadi, Volta, 
Mississippi, Yangtze, Pearl, and Chao Phraya are among the most densely populated places in the 
world. They constitute 5% of the earth’s landmass and support over 500 million people in some of 
the fastest growing megacities, including: Shanghai, Bangkok, Kolkata, and Dhaka (Kuenzer and 
Renaud., 2012; Lauria et al., 2018). Deltas are natural landforms developed by the accumulation 
of sediments when a river drains into a lake or an ocean (Becker et al., 2019). They are 
characterized by a system of channels, low topography and rich biodiversity, and act as active 
filters and huge reserves of continental materials including carbon (Kuenzer and Renaud., 2012). 
Soils in the deltaic lowlands are rich in organic matter and nutrients that have allowed major 
agricultural development throughout history (Vormoor, 2010).  
Deltaic lowlands are highly vulnerable to subsidence and flooding due to low topography, 
natural changes in sediment load, population pressure, and excessive extraction of natural 
resources coupled with the impacts of sea level rise (SLR) (Tessler et al., 2016; Syvitski, 2008). 
The situation is increasingly urgent as the rate of sea level rise has increased during the latter half 
of the twentieth century from thermal expansion of oceanic water and the rapid melting of the 
Greenland and Antarctic icesheets due to global warming caused by anthropogenic greenhouse gas 
emissions (Kuenzer and Renaud., 2012). According to the Intergovernmental Panel on Climate 
Change (IPCC) report (2007; 2019), the average annual rate of sea level rise was 1.8 mm from 
1961 to 2003 but increased to 3.1 mm/year between 1993 and 2003, and to 3.6 mm/year between 
2006 and 2015. This upward trend is projected to continue through 2050 and beyond (Bhattachan 
et al., 2018). Such an increase in the level of ocean water—accompanied by geomorphological 
changes in the deltaic lowlands and adverse human interference—have already intensified coastal 
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and riverbank erosion, increased salinization of cultivated lands and freshwater fisheries, and even 
resulted in salinization of groundwater reserves. Additionally, with rising sea level, storm surges 
associated with tropical storms are likely to intensify which will further aggravate the 
environmental challenges facing the deltaic and coastal lowlands and put the livelihood of millions 
of residents at risk (von Storch et al., 2008).  
It is also predicted that under the future greenhouse gas emission scenarios, there will be a 
50% increase in the surface area impacted by severe floods in these low-lying deltas (Syvitski et 
al., 2009). Nicholls et al. (1999) showed that sea level rise alone might cause a loss of more than 
20% of the area of the coastal wetlands by 2080, and when coupled with adverse human actions 
the loss might be as high as 70%.  This loss of lands, assets, and livelihoods may lead to mass 
migration of the deltaic, coastal, and small island populations in the future.  Asia will face the most 
serious implications of climate change and sea level rise in the world. This is due to its vast 
coastlines, a very high population density along the coasts, existence of megacities in the 
vulnerable deltaic lowlands, poverty, prevalence of subsistence economies among the rural 
communities, lack of environmental awareness, and less technological development as most of 
these countries are still in their developing phases (Kuenzer and Renaud., 2012).  
Adaptation may be the most feasible option (besides mitigation) towards coping with both 
long- and short-term impacts of climate change on the lives and livelihoods of communities (Leavy 
and Greeley, 2011; De Souza et al., 2015). Adaptation refers to certain adjustments made to the 
natural or human systems in response to actual or expected climate stimuli that “moderate harm or 
exploit beneficial opportunities” (Toi et al., 2008; McCarthy et al., 2001). The goal of the adaptive 
strategies is to reduce the overall vulnerability of the system (household/community/society) by 
limiting exposure of the system to negative changes in the environment, and improving their 
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adaptive capacities—that is, the ability to deal with such changes and build resilience (Tacoli, 
2009; Smit and Pilifosova, 2001). These strategies include in-situ structural engineering measures 
to protect the coasts from erosion, raised homes to avoid flooding, and in-situ non-structural 
measures such as use of salinity-tolerant crop varieties, and loans from local micro-credit 
organizations to set up small, less climate-sensitive businesses (Klein, 2011; Agrawala and 
Carraro, 2010; Tol et al., 2008).  
One of the other prominent strategies is to migrate from these places (Gemenne and 
Blocher, 2017). Residents may temporarily migrate for work and use remittances to cope with 
economic losses caused by environmental problems or changes. This promotes capital 
accumulation, builds resilience, and improves their adaptive capacities at the source (Mallick and 
Vogt, 2014; Tacoli, 2009; McLeman and Smit, 2006; Gemenne, 2010). Similarly permanent 
migration to considerably less vulnerable places is likely to serve as adaptation, first, by reducing 
demographic pressure in the regions of origin and second, by limiting exposure of households and 
communities to the negative impacts of climate and environmental change (Gemenne 2010). 
Understanding different forms of adaptation is important in assessing impacts and vulnerability 
which are fundamental to estimating the costs and risks associated with climate change (Smit and 
Pilifosova, 2003). 
  While adaptation strategies may have the potential to reduce household vulnerabilities, 
the use or practice of these measures depend on several factors including whether and how 
people perceive environmental changes and problems. People’s perceptions largely vary with 
their economic backgrounds, the socio-cultural environments that they are in, the institutional 
responses to environmental change, and the types and intensities of climatic stressors they face 
(Alam et al., 2017; Adger et al., 2009). According to Slegers (2008) vulnerable population tend 
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to adapt to the perceived environmental problems and changes rather than the physical 
measurements of the problems and therefore, understanding resident perceptions of 
environmental problems and changes may aid in developing efficient community-specific 
adaptation strategies.  
The overarching goal of this dissertation research is to identify coastal residents’ use of 
adaptation strategies with a specific focus on the role of human migration as an adaptation. Prior 
studies investigated the role of migration as an adaptation using conceptual ideas of vulnerabilities, 
exposure, adaptive capacity, and household resilience (Adger and Helen, 2013; Mc Leman and 
Smit, 2006; Gemenne and Blocher, 2017; Scheffran et al., 2012; Tacoli, 2009). While these studies 
made a significant contribution to our understanding of migration as an adaptation, very few 
studies have evaluated the role of both temporary and permanent migration as an adaptation based 
on people’s perception of environmental change and related economic vulnerability in the coastal 
areas that are affected by both slow onset and rapid onset hazards. Moreover, it is still unclear if 
migration is a preferred adaptation strategy among the climate vulnerable coastal residents (Paul, 
2005). This study specifically aims to understand the role of temporary migration as an adaptation, 
environmental and non-environmental determinants of such migration based on coastal 
population’s perception of environmental change. It also aims to understand their willingness to 
permanently relocate in future as a possible adaptation strategy to environmental change.  
This study is conducted in the Indian Sundarban delta, an area that experiences severe 
impacts from environmental change and problems. The Sundarbans is the tidally active part of the 
world’s largest delta formed by the sediment deposition of the Ganges, Meghna and Brahmaputra 
Rivers into the Bay of Bengal in South Asia.  This region is a hotspot of global climate change 
where sea level rise (SLR) and its consequences such as erosion, salinity intrusion, rainfall 
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variability, frequent and intense storms and floods, and land subsidence, are prominently observed 
(Halder and Debnath, 2014; Ghosh et al., 2014; Raha et al., 2012; Nandy et al., 2011; Roy, 2010; 
Hazra et al., 2002). It is estimated that the rise in sea level by 45–100 cm can inundate 75 to100% 
of the Sundarbans delta (IPCC, 2007). According to Sarkhel (2015) and Unnikrishnan and Shankar 
(2007), the mean tidal amplitude of the Sundarban is between 3.14 and 5.22 mm/year which is 
much higher than the Indian national average of 1.06 and 1.75 mm/year. 
The impact of climate change in the delta has been further worsened by its huge population 
size.  The Sundarbans Delta is divided between Bangladesh and India with population densities of 
800 and 957 persons/km2 respectively (Mullick et al., 2019; Dasgupta and Shaw, 2015). The 
residents of the Sundarbans are mostly subsistence farmers and fishers who are subject to loss of 
livelihoods due to impacts of climate change such as soil and surface water salinization (Sahana 
et al., 2019; Hazra et al., 2016). Additionally, the islands of Lohachara, Suparibhanga, Jambu Dwip 
and New Moore have been obliterated due to sea level rise (Mondal, 2015; Berringer, 2012; Ghosh 
et.al., 2003) which has forced residents to migrate a mass migration of residents by 2050 is 
predicted (Rigaud et.al, 2018). 
To address such challenges, people have used in-situ adaptation measures such as changing 
agricultural patterns and constructing local businesses through micro-credit organizations 
(Chowdhury et al., 2016) and migration (Maharajan et al., 2020). In 2009 a major tropical storm, 
Cyclone Aila, devastated the Sundarbans causing large-scale temporary migration in search of 
employment (Mistri, 2013). Remittances from the migrants have since been an important means 
for survival of the residents in the Indian Sundarbans (Maharajan et al.,2020). To date, most of the 
studies focusing on adaptation and migration have been conducted in the Bangladeshi Sundarbans 
whereas there are a very few studies in the Indian counterpart. A higher proportion of residents in 
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Bangladesh are at a higher risk from climate change than those in India. The mitigation strategies 
and government policies of the two countries are different and this may influence how people 
perceive and adapt to environmental change. The Indian Sundarbans is home to millions of people; 
understanding their perception of environmental problems, in-situ adaptation strategies, and 
adaptive temporary and permanent migration may facilitate formation of people friendly, climate 
action plans.  
This study has three specific objectives: 
1. To identify the environmental problems and changes perceived by the residents of Indian 
Sundarbans.  
Understanding resident perception of environmental problems and changes as it dictates their 
responses to the problems is very important. The descriptions and quantifications of environmental 
change in the scientific literature are often based on physical measurements. However, resident 
perceptions about the severity of environmental change or an individual disaster event may not 
agree with the physical measurements depending upon the socio-economic factors affecting 
residents. Existing adaptive strategies may also serve as positive feedback (i.e., adequate adaptive 
strategies may lessen the perceived severity of environmental change) in shaping resident 
perception about the environmental problems. Therefore, to understand resident responses to such 
changes, it is necessary to study the perceptions of residents toward environmental challenges and 
their economic impacts.  
2. To identify the adaptation strategies used by the residents, and to examine the nature of 
migration as an adaptive response to environmental change. 
The second objective aims to: i) identify the in-situ adaptation strategies; iii–a) examine the 
different ways residents pursue temporary migration, that is whether as a reactive, concurrent, or 
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anticipatory response, iii-b) whether temporary migration is practiced for livelihood diversification 
or for alternative livelihood; and iii-c) the environmental and non-environmental controls of such 
migratory responses; and iv) resident views on future permanent relocation from the Sundarbans. 
Through this objective we will understand people’s uses of both in-situ and ex-situ adaptations 
that may help formulate future adaptation strategies including adopting measures which might 
facilitate inter-state labor migration. Moreover, it is also very important to understand residents’ 
opinions about future relocation from the climate vulnerable islands as it may identify the factors 
which may be crucial for the governing bodies to consider while formulating plans for a possible 
mass retreat, to reduce local resistance to such migration.  
3. To identify the reasons and determinants of migration. 
Objective 3 focuses on examining the factors influencing migration decisions across different 
environmental zones and across different socio-economic groups. When migration takes place 
from the environmentally vulnerable areas, the environment might not be the only determining 
factor of migration. Other factors—economic, political, and demographic—might also contribute 
to the decision to migrate. These factors might co-produce migration. Therefore, Objective 3 
focuses on identifying the relative importance of environmental and the non-environmental 
determinants of migration from the Indian Sundarbans amid climate change. This objective may 
identify the immediate and the underlying factors which lead to migration from climate vulnerable 
places such as the Indian Sundarbans, and which need to be addressed as a part of the government’s 
climate action plan.   
After this introductory chapter, the dissertation consists of six chapters.  Chapter 2 
reviews previous research in this area and provides a background for the current study, which is 
followed by the discussion of research methods used in data collection and analysis.  Chapters 4-
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6 present the research findings.  The focus of Chapter 4 is the environmental problems in the 
Indian Sundarbans as perceived by residents.  Chapter 5 discusses residents' adaptations to 
environmental changes and problems in the study area with an emphasis on the roles of 
migration.  Chapter 6 then analyzes the reasons and determinants of temporary migration based 
on the questionnaire survey data from the Indian Sundarbans.  The seventh and final chapter 




















Chapter 2 - Literature Review 
 Adaptation to climate change  
Adaptation to climate change refers to any adjustment made in the socio-ecological and 
economic systems to reduce the adverse impacts of climate change (Smit and Pilifosova, 2003). 
Since climate change mitigation efforts may take a considerably long time ensuing further delays 
in reducing global warming, adaptation may be the most viable option towards managing the long- 
and short-term impacts of climate change on the human society (Weldegebriel, 2016; Adger et al., 
2009; 2005 (a) (b)). The goal of adaptation is to reduce a household’s or a community’s 
vulnerabilities to environmental change, and to build resilience (Brooks, 2003; Brooks et al., 2005; 
Smit and Pilifosova, 2003).  
Vulnerability is the extent to which climate change may damage a system 
(household/community/society) and depends on the levels of exposure, sensitivity, and adaptive 
capacity of the system to change (Smit and Wandell, 2006). Exposure to natural hazards refers to 
the degree to which a community experiences the impacts of natural hazards (Marshall et al., 
2010). Sensitivity is the extent to which the system responds to climate change, and adaptive 
capacity refers to the ability of the system to adjust to such changes (including climate variability 
and extremes). Adaptive capacity in turn depends on several factors such as resource distribution, 
socio-economic and technological developments, human and social capital, and the institutional 
structure of the society (Tol et al.,2008). For example, coastal lowlands in developing countries 
such as India, Bangladesh and Sri Lanka lack sufficient protective measures like dams, sea walls, 
and embankments, and are thus exposed to the impacts of sea level rise. In these areas the poverty 
stricken rural and predominantly agricultural communities are by far the worst affected by sea 
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level rise and its associated impacts. Poverty may limit access of these communities to resources 
and technologies required to reduce their vulnerabilities. Adaptation measures have the potential 
to reduce vulnerabilities by improving adaptive capacity and limiting the exposure and sensitivities 
of households/communities/societies to environmental change. Sensitivity can be reduced by 
reducing dependence on the vulnerable natural resources through measures like diversifying food 
production and planned conversion of some of the salinized agricultural lands into saltwater 
fisheries.  
People’s perceptions of environmental change also largely determine adaptative capacities 
and their choice of adaptations (Alam et al., 2017). People’s perceptions of environmental change 
and related use of adaptation strategies have been studied in Hong Kong (Ma et al., 2021), USA 
(Kemp et al., 2015), Kenya (Silvestri et al., 2012), Nigeria (Apata et al., 2009), Ethiopia (Asrat 
and Simane, 2018), Indian Himalayas (Dey et al., 2017; Negi et al., 2017), and Bangladesh (Alam 
et al., 2017; Rashid et al., 2014; Anik and Khan et al., 2012; Habiba et al., 2012). People’s 
responses to environmental change are decided by how they perceive such changes rather than the 
physical measurements of changes. People who perceive local climate risks have a greater 
probability of pursuing relevant adaptation strategies or lending support to mitigation policies 
(Niles et al., 2013; Spence et al., 2011; Prokopy et al., 2015). Incorrect perceptions may result in 
maladaptive strategies that may increase overall vulnerabilities in the long term (Alam, 2017).   
Adaptation measures can be either reactive when undertaken after the impacts of a hazard 
or a disaster, or anticipatory when undertaken in advance to avert the future impacts of climate 
change (Tol et al., 2008; Fankhauser et al., 1999). However, whether anticipatory or reactive, these 
adaptation measures are mostly future-oriented and aim towards minimizing the risks associated 
with future environmental hazards and maximizing benefits (Tol et al., 2008). Protection, 
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accommodation, and retreat are the three major ways people may try to adapt to environmental 
changes and problems in the coastal areas (Tol et al., 2008). Protection and accommodation are 
in-situ adaptation strategies, and retreat of population from the affected places is an ex-situ 
strategy. Each of these measures has the potential to manage environmental and non-
environmental risks, and has its own ecological, economical, and socio-cultural advantages. Some 
of these measures, such as temporary migration, commercial use of backyard vegetable gardens, 
and conversion of salinized lands to saltwater fisheries, can be implemented at individual or 
household levels. Building embankments, infrastructure development, research and development 
in sustainable agriculture, and promotion of less climate sensitive livelihood options require a 
community or government action. Each of these strategies can be implemented alone or in 
combination with the other strategies (Tol et al., 2008).  
In-situ adaptation strategies  
In-situ adaptations overcome or avert the economic losses that occur due to environmental 
problems without having to move to new places. These include protecting coasts from flooding 
and lessening the impacts of environmental problems through a variety of sustainable economic 
and non-economic activities (Klein et al., 2001). 
 Protection measures are the engineered structures such as dikes, sea walls, embankments 
and groins that can protect coasts and riverbanks from erosion, intrusion of saline water and related 
depletion of natural resources. Planting trees to protect coasts is also a protective adaptation. These 
measures are meant to be permanent; they are significant for places with a large population as 
some of these measures have high costs associated with building, maintenance and operation, and 
additional costs associated with the permanent socio-ecological changes imposed by them. Though 
highly significant in protecting coasts from physical damages, the structural adaptation measures 
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come with environmental implications. For example, embankments designed to restrict saltwater 
from entering lands might trap sediments, increase erosion in the coastal headlands, and damage 
the ability of the deltaic wetlands to keep pace with sea level rise (Kuenzer and Renaud., 2012; 
Tol et al., 2008; Donner and Webber, 2014).  
Accommodative adaptation refers to the practices that allow people to operate in vulnerable 
places without physical attempts to prevent hazards or disasters (Buitrago et al., 2018). These 
include storm shelters, elevated homes, drainage modifications, use of salinity-tolerant crop 
varieties, converting the freshwater fisheries and already saline agricultural lands into saltwater 
fisheries, opting for less climate sensitive economic activities, building effective pumping stations, 
bioswales, artificially injecting stormwater in the aquifers to increase the level of groundwater and 
offset the pressure of saline water due to sea level rise and a prohibition on human activities on the 
coasts that have a long-term detrimental effect on the ecosystem (Almedia and Mostafavi, 2016). 
Examples of human activities include the filling of wetlands, destruction of mangrove forests, and 
expansion of human settlements in the erosion prone areas.  
These accommodative measures are economically beneficial as they can revive some of 
the damaged economic and ecological systems (like conversion of salinized farmlands to 
aquaculture). However, it requires careful planning at all levels to ensure the adaptability of the 
measures to future anticipated environmental and socio-economic changes. Additionally, 
awareness, technical assistance and education are required to reduce the economic and socio-
cultural implications of the adaptation practices (Kuenzer and Renaud., 2012; Tol et al., 2008). For 
instance, Wamsler et al. (2012) found that with formal education people can better assess 
environmental risk and access information on risk reduction measures more efficiently.  
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Ex-situ adaptation strategies  
Ex-situ adaptation measures refer to either permanently migrating to comparatively less 
environmentally vulnerable places or temporarily migrating in search of work (Mc Leman and 
Smit, 2006; Foresight, 2011; Tacoli, 2009).  The next section highlights the different aspects of 
permanent migration as an adaptation. This is followed by a review of literatures on mass migration 
in the era of climate change and review of the different case studies on migration from climate 
vulnerable places around the world. Next, different aspects of temporary migration is discussed 
followed by a review of literatures on the multicausality of migration.  
Permanent household relocation 
Relocating from vulnerable environments may have beneficial effects both for the affected 
households and the source area. While relocation to safer places may limit a household’s exposure 
to environmental problems, it may also reduce population pressure from the limited resources at 
the source which in turn may revive the natural ecosystems that have been disturbed due to human 
interference and resource exploitation (Adams and Adger, 2013; Gemenne, 2008). This can be 
achieved through government-supported community retreat that may include planned 
abandonment of developments in the areas under risk, withdrawal of government support, 
prohibition of reconstruction of damaged properties, and declaration of coastal areas as natural 
reserves (Gibbs, 2016). The decision to migrate as an adaptive strategy against environmental 
problems and changes can also be taken at the household level when members of households plan 
such relocations to destinations with comparatively good environmental conditions and where they 
can utilize their skills to earn a living that is less likely to be impacted by natural hazards (Adams 
and Adger, 2013).  
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In the latter half of the 20th century, migration associated with environmental changes and 
problems gained significant attention in the literature. In 1985 mass migration of populations due 
to environmental change emerged as a major issue when El-Hinnawi coined the term 
“environmental refugee” to refer to the population displaced by negative forces in the natural 
environment and recognized the roles of both slow onset hazards and rapid onset disasters as major 
causes of mass displacements in the era of global warming induced climate change. Later Jacobson 
(1988) also recognized environmental hazards and disasters as factors inducing mass migration. 
The IPCC (1991) also highlighted the significance of environmental factors in human migration 
and anticipated future social instability and disruptions of settlement patterns due to mass 
migration because of climate change. Subsequently, British environmentalist Norman Myers set 
forth an alarming estimate of 250 million migrants worldwide by 2050 and ranked it as ‘the 
foremost human crisis of our times’ (Myers, 1993, 2002, 2005).  
Several international organizations backed the claims of a future mass migration and came 
up with their own number of migrants.  According to the Almeria Statement (1994), 135 million 
people were at risk of being forcibly displaced due to desertification.  Similarly, the UNHCR in 
2007 estimated that 24 million people had already escaped their ancestral places due to floods and 
other environmental hazards. The International Organization for Migration (IOM) estimated 200 
million people will be displaced due to deteriorating environments by 2050, and after 2050, there 
could be as many as 700 million such migrants worldwide (Christian Aid, 2007). With these 
predictions, the systematic re-settlement of vulnerable populations was called for, and refugee 
status was demanded for the present and potential migrants (Biermann and Boss, 2008; Conisbee 
and Simms, 2003).   
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These predictions received severe criticism from the scientific community.  Warner et al. 
(2010) mentioned that the considerable range in the estimated numbers of future migrants raised 
questions about their empirical validity, and these predictions seemed to be grounded in the 
deterministic idea that environmental change causes outmigration of people without considering 
the possibilities of adaptation. Black (2001) questioned the terms environmental refugees and 
environmental migrants and demanded more empirical and theoretical research on the issue for 
these migrants to be considered potential recipients of international assistance.  
Concerns were also raised about the determining factors of human migration from 
environmentally vulnerable places.  Massey et al. (1993), Castels (2002), McLeman and Smit 
(2006), and Hulme et al. (2008) among others identified several determining factors which were 
considered valid even while evaluating climate induced migration. It was pointed out that even in 
places that are extremely vulnerable to environmental change, human migration is generally a 
result of socio-economic, political factors as opposed to one single cause like environmental 
change (Black, 2011) (Fig 2-1). Environment may play the major role in migration if there is a 
permanent loss of habitable land due to inundation or extreme erosion. For example, farmers in 
Australia and Northern Ethiopia may suffer environmental problems of the same intensities but 
unlike the farmers in Ethiopia the Australian farmers may not migrate as they do not suffer hunger 
comparable to those from Northern Ethiopia. This suggests that migration from Northern Ethiopia 
is primarily caused due to poverty while environmental change acts as a trigger (Webber and 
Barnett, 2009; Meze-Hausken, 2000). Similarly in Bangladesh, economic reasons were the 
primary motivations for rural to urban migration, and environmental factors were found to be 
secondary. Households that had better access to land, more human capital, transferable skills, and 
weak rural ties were more prone to migrate than the others. Environmental factors such as distance 
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from the coast or a major river, loss of arable land, land submergence and resultant lack of 
agricultural work increased the probability of migration. Yet these were relatively less important 
when compared to economic factors (Brenzen et al., 2019; Mallik and Vogt, 2014). According to 
Warner and Buffet (2009) understanding the role of slow-onset environmental change in producing 
migration is difficult because of the socio-economic factors of migration at sources and 
destinations which may or may not be intricately related to the environmental factors.  
 Migration after rapid onset or extreme environmental events also results from a 
combination of factors with disasters as the immediate cause of migration. Large scale migration 
was reported from Honduras after Hurricane Mitch in 1998, but studies suggest that poverty, 
unemployment, and less provision for in-situ adaptation strategies in Honduras determined the 
islanders’ decisions to migrate, and the storm served as an immediate push factor (Wrathall, 2012 
and Alscher, 2011). Therefore, considering the possibilities of a mass migration, it will be 
premature to ignore the non-environmental determinants of migration and highlight the role of the 
environment as the sole cause.  Moreover, migration may not always be forced. It can also be 
pursued a ‘transformational livelihood strategy’ or as a coping or adaptation strategy to increase 
household resilience after failure to adapt in the source region due to environmental and non-
environmental reasons (Mallick and Vogt, 2014). 
Despite of detailed discussion in the literature on migration being used as adaptive 
strategies, it is still unclear whether migration is a favored adaptation response among the 
populations experiencing environmental changes or problems.  Paul et al. (2020) suggested that 
there is seldom a linear relationship between permanent migration and environmental degradation. 
Factors like place attachment, natural and social capital at the source areas, and unpredictability 
and unfamiliarity of living and working conditions at the destinations demotivate people from 
17 
migrating (Firdous, 2019). Moreover, relocation is a resource intensive option. When smallholder 
households suffer considerable economic losses due to environmental change, they cannot afford 
settling somewhere else away from their native places (Mendelsohn et al., 2006).  
A study in Bangladesh by Chen and Mueller (2018) found that extreme soil salinity in the 
coastal areas of Bangladesh resulted in a decrease in the rates of long-term international migration 
due to the relative lack of resources required for moving when extreme salinity compromised crop 
production. These people might be ‘trapped’ in the environmentally challenged places and suffer 
double vulnerability, firstly because they live in vulnerable environments and second, they do not 
have enough resources to escape from these places (Foresight 2011).  
 




While poor household economy hinders migration, provision of resources and employment 
at the source in the form of relief and aid may also act as anchoring forces after a hazard or a 
disaster. Paul (2005) investigated migration responses in coastal Bangladesh after a cyclone in 
2004. All the respondents suffered damage due to the cyclone, 5% of the respondents reported 
deaths due to the cyclone in their households, and 65% of the respondents reported injuries. 
However, no migration was reported from any of the affected villages. Instead, after the storm 
there was an influx of people into the cyclone-affected villages from outside.   
Skilled laborers such as carpenters temporarily migrated to these villages to participate in 
the post-disaster reconstruction of buildings. People from distant places also in-migrated with the 
intention of receiving disaster aid and relief. Even after experiencing huge losses, these villagers 
continued staying in the vulnerable places as they received prolonged post-disaster aid and 
agricultural assistance from the government. Others stayed due to the creation of jobs in the 
construction sector that provided them with economic security in their villages.  
Economics is, however, not the only major factor that determines a person’s willingness to 
migrate from these vulnerable places. Sometimes residents do not perceive enough risk to abandon 
their native places (Paul, 2005). They usually prefer adapting to the environmental problems and 
changes with in-situ strategies and remittances from outside (Rahman et al., 2015; Koubi et al., 
2012). Mortreux and Barnett (2009) and Kelman et al. (2019) investigated whether the residents 
of the islands of Tuvalu and the Maldives wanted to relocate to environmentally safer places as 
their islands are at an extreme risk of inundation due to sea level rise. Their studies revealed that 
only a few residents wanted to relocate; for the others, sea level rise and its associated impacts 
were not threatening enough to consider moving. The people of Maldives preferred in-situ 
adaptation options against relocation.  
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In Tuvalu, climate change was not a matter of concern for most of the islanders. Some 
islanders did not notice any immediate impacts of climate change other than tidal surge; they 
believe that God will protect them in case there is an extreme environmental situation. Some 
younger respondents even considered climate change as a rumor, which suggests that they might 
not have spent enough time in Tuvalu to experience the slow impacts of climate change. Less 
environmental awareness, a strong faith in God, the future-oriented impacts of slow-onset changes 
like sea-level rise, the uncertainty and pace of such changes, and the fact that as these islanders 
have already lived through difficult environmental and socio-economic situations, the impacts of 
climate change did not seem concerning enough to initiate relocation.  
Similar results were found in the studies that examined the possibility of mass migration 
after rapid onset disasters. For example, Rahman et al. (2015) examined the possibility of 
migration as a response to a sudden storm surge that created 20 ft. high tidal waves and inundated 
parts of the Bangladeshi island of Kutubdia.  According to their results, 92% of the respondents 
suffered property damage due to the event, but only 5% of them wanted to migrate. Much like the 
findings in Tuvalu, Rahman et al. (2015) explain that the people of Kutubdia have lived through 
such disasters and have gradually adapted to extreme situations.    
Behavioral and socio-psychological factors also determine a resident’s willingness to 
relocate from these vulnerable places (Adams, 2016). The behavioral aspects of migration can be 
explained with theories such as stress threshold, place utility and residential dissatisfaction at the 
source, and mobility potential (Speare, 1974; Wolpert, 1966; Brown and Moore, 1970). These 
theories suggest that the decision to migrate partly depends on the level of satisfaction a person 
experiences at the source. When a person is satisfied with the amenities at the source, she/he will 
generally not migrate even when other locations have the potential to provide a better life. The 
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person might want to migrate when the threshold of dissatisfaction is crossed, but factors like 
family obligations, attachment to place and community, perception about the potential 
destinations, and lack of suitable destinations might also influence the persons’ willingness to 
migrate (Adams, 2016). According to Adams (2016) many of these factors determine a person’s 
mobility potential. They may be ‘self-imposed’ and prevent people from considering better living 
conditions in other places. People generally trade off wellbeing in the potential destinations with 
locational well-being at the source despite perceiving environmental risk and dissatisfaction.   
There is evidence of permanent relocation conducted after rapid onset events and from 
places experiencing slow-onset changes. The town of Spencer in South Dakota had a tornado 
touchdown in 1998. This event led to population migration, and only half of Spencer’s population 
returned by 2001 (Cross, 2001). Population migration was also documented after the 2001 tornado 
in Hoisington, Kansas where 70 families relocated because of the tornado (Brooke and Paul, 2003). 
Relocation of population also occurred after devastating earthquake events in El Salvador and in 
the Indian state of Gujarat in 2001 (Ibrahim, 2003). Population migration was also reported from 
Bangladesh after Cyclone Aila in 2009. Saha (2017) reports that a considerable number of people 
relocated from coastal Bangladesh after the storm due to the destruction of homes, permanent 
damage to croplands, decreased access to food, increasing dependence on loans to survive, and 
lost capacity to repay money borrowed before Aila.  
The willingness of residents to permanently migrate due to slow-onset environmental 
events was reported from the Pacific Island of Kiribati where it was found that most of the studied 
population were willing to relocate or temporarily migrate as a response to the threat of inundation 
of large parts of Kiribati due to sea level rise. Eighty-two percent of them previously migrated 
temporarily for work to different places outside of their island. Unlike the residents of Tuvalu, the 
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Maldives and Bangladesh, these islanders were willing to relocate as they were aware of the threats 
consequent to climate change due to their prior experiences with temporary migration, and the 
migration-friendly policies of the Government of Kiribati (Allgood and McNamara, 2017).   
Temporary labor migration as an adaptation  
Many studies have shown that vulnerable population temporarily migrate for work to adapt 
to slow onset changes and cope with the rapid onset environmental problems they experience in 
their source areas, instead of permanently relocating from their places. As a response to slow onset 
changes labor migration is generally pursued as a livelihood diversification strategy as was seen 
in Nepal, parts of Bangladesh and in Ethiopia (Shrestha et al., 2007; Chen and Muller, 2019; 
Kartiki, 2011; Penning et al., 2013; Weldegebriel and Prowse, 2017; Radel et al., 2018). According 
to Weldegebriel and Prowse (2017) such livelihood diversification practices can promote 
accumulation of capital and secure smallholders from losses due to climate variabilities, and act 
as effective adaptation. Labor migration can be circular if undertaken several times by the same 
households or non-circular. Studies from Bangladesh suggest that such migration is commonly 
practiced as a response to economic losses that are recoverable as opposed to permanent relocation 
practiced mostly when economic losses at the source are irrevocable (Penning Rowsell et al., 2013; 
Joardar and Miller, 2013). Sometimes labor migration is also undertaken as a future risk 
minimization strategy or an anticipatory adaptation strategy at the household level as suggested by 
the Theory of New Economics of Labor Migration (Stark, 1984; Stark and Levhari, 1982). 
Connecting this theory to environment-induced migration, we can infer that households 
anticipating environmental risks at the source might send a few members to work elsewhere while 
the others continue working at the source. In case of market failure in the source, the households 
rely on the remittances earned by the migrant members.  
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Environmental degradation gradually wears away a household’s and society’s adaptive 
capacity which in turn increases their vulnerability to environmental change. Remittances help 
restore the gradually eroding adaptive capacity in different ways, ultimately promoting effective 
adaptation to climate change. Remittances may be used in the reconstruction of properties after a 
hazard: in building stronger homes to reduce impacts from future hazards; setting up diversified 
economies at the source through investments in less-climate sensitive non-farm business; or 
sustainable agriculture (threats (Perch Nielson, et al., 2008; Piguet, 2008; Gemenne and Blocar, 
2017 ;Maharajan et al., 2020; Findlay and Geddes, 2011; Foresight, 2011; Piguet et al., 2011; 
Gemenne, 2010; Webber and Barnett, 2010; Tacoli, 2009; McLeman and Smit, 2006).). 
Remittances can contribute to poverty alleviation, the promotion of economic development and 
sustainability amid climate shocks in the place of origin, and through a stable flow of capital.  
Remittances also increase a household’s or community’s ability to withstand 
environmental stress, that is, increases resilience to the environmental stressors at the source 
(Tacoli, 2009).  According to Foresight (2011), proactive migration in combination with robust in-
situ adaptation measures will ultimately help communities to continue staying in their native places 
instead of requiring them to relocate elsewhere (except for extreme situations like island 
inundation). Further, migrants help in the transfer of resources and advanced knowledge from 
developed societies, and in gathering tangible and intangible assets that ultimately assist in 
capacity building and risk mitigation at the source (Gemenne and Blochar, 2017; Scheffran et al., 
2011).  
Much like understanding the relation between environmental change and permanent 
relocation, it is difficult to analyze the relative importance of the environmental and non-
environmental factors of labor migration from the environmentally vulnerable places. Sustained 
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environmental change or extreme events generally influence migration by influencing the non-
environmental drivers of migration in different intensities. This may vary with the types and 
severity of natural hazards being experienced at the source and the socio-economic conditions of 
the households or communities.  
Many theories have been put forth to characterize labor migration from different places. 
Labor migration can be considered a profit maximization or risk minimization approach by an 
individual or a household (Massey et al., 2013). It may be a result of differences of wages and 
availability of labor between two regions where people migrate from low wage and labor surplus 
regions to high wage labor scarce regions (Harris and Todaro, 1970; Todaro, 1976). Regions with 
fast developing economies often have a continuous demand for skilled and unskilled labor which 
also induces labor migration from surrounding areas that are not necessarily low wage and labor 
surplus (Piore, 1979). These theories provide a framework for understanding the drivers of labor 
migration from environmentally vulnerable areas.  
Several drivers of labor migration have been identified in prior studies. Since labor 
migration is often a household decision, the nature of the household economy at the place of origin 
plays a decisive role in such migration (Massey et al., 1993).  For instance, households that survive 
on subsistence economies such as small-scale agriculture, wood collection and fishing may be 
particularly vulnerable to the impacts of environmental change and may need to migrate for work 
as they often fail to afford effective in-situ adaptation strategies (Shrestha and Bhandari, 2007; 
Hunter, 2005). Other indicators of household economies are total assets owned by the household 
including agricultural landholding. According to Van Wey (2003) “land can impact migration in 
four ways: as wealth, as employment, as investment opportunities and through inequality in 
ownership.” However, mixed results were found in studies regarding land as a determining factor 
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of migration. Bandari (2004), Van Wey (2003), Massey and Espinosa (1997), and Mukherji (1895) 
found a negative relationship between landownership and migration indicating that households 
with less access to landholdings have greater probabilities of migrating for work to generate 
alternative incomes. In other cases, a positive relationship was found that indicated households 
earning substantial income by means of their higher landholdings may migrate more, as they can 
afford the cost of migration and associated risks (Van Wey, 2005; Davis et al., 2002; Zhao, 1999; 
Durand and Massey, 1992). Bilsborrow et al. (1987) found a curvilinear effect of landholdings on 
migration. According to Winters de Janvry and Sadoulet (2001), the size of landholdings has a 
positive effect on migration for households that own up to 15 hectares of land, and beyond that it 
showed a negative impact. Other studies indicated that households with more fertile and well-
irrigated landholdings tend to have sufficient income from agriculture, and therefore they do not 
tend to migrate for work (Dustmann, 2011; Davis et al., 2002; Zhao, 1999; Massey and Espinosa, 
1997; Rigg, 1988).  
Demographic characteristics of residents such as age, gender, household size, marital 
status, and education also influence the household’s decision to migrate. For example, males 
between 20–35 years old were found to be the most mobile, whereas mobility decreased in adults 
older than 35 years (Mahinchai, 2010; Clark, 1986). Household size (number of family members) 
and their marital status are inversely related with the probability of labor migration from that 
household (Sandefur and Scott,1981).  
Labor migration may be in the form of skilled and unskilled laborers where the education 
of the resident plays an important role. Prior studies have found that the chances of migration are 
highest among the most and the least educated individuals; the educated individuals would migrate 
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in search of skilled jobs, while least educated individuals would seek unskilled labor (Zimmerman, 
2014; Mahinchai, 2010; Becker, 1975).  
The social connections of residents in potential destination areas, including prior migrants 
and relatives, ethnic contacts, and people with linguistic similarities also increase the probability 
of labor migration as such social connections provide necessary feedback and guidance, and 
facilitate migration (Kalter and Will, 2016; Seddon et al., 2002). In case of rural-urban migration, 
wages in the destinations are much higher than in the residents’ native villages. This positive 
difference in wages also leads the household to migrate for work (Bernzen et al., 2019; Istiaque et 
al., 2013; Istiaque and Ullah, 2013; Massey et al., 1993; Mabogunje, 1970).  
Similarly, perception of relative deprivation can also influence a household’s decision to 
migrate. In predominantly agricultural communities with very less migration there may be less 
economic differences among households. When migration starts, income inequality may increase 
among the migrant and the non-migrant households. This may create a sense of relative deprivation 
among the non-migrant households and encourages more migration. Moreover, the migrants get 
introduced to industrial and urban life, consumer products that can unlikely be obtained simply 
with a rural subsistence income. This in turn generates more trips (Massey et al., 1993; Mabogunje, 
1970). 
Environmental factors including slow and sudden disasters and natural hazards have been 
linked with labor migration globally (Foresight, 2011; Tacoli, 2009). However, whether 
environmental factors alone can induce labor migration is still unclear. In most environmentally 
vulnerable places economies are so dependent on the environment that these two factors are 
practically inseparable. Therefore, environmental factors may be one of the many drivers of 
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migration, or act as a catalyst rather than a sole cause of migration (Black et al., 2011; Foresight, 
2011; Catteno et al., 2019).  
While environmental, economic, and social factors exist, the migration decision also 
greatly depends upon how residents perceive these factors. Perceptions of risk due to 
environmental or non-environmental (economic and social) factors plays a key role in migration 
decision making (Fordham, 1992). Some households may perceive that their present economies 
are at risk due to environmental change and migrate to diversify livelihoods. Some may migrate 
as an anticipatory adaptation strategy to cope with the future perceived environmental and related 
economic risks. Others may not anticipate enough economic risks and continue to earn their 
incomes in native places (Peacock and Girard, 1997; Dynes and Quarantelli, 1976).  
Previous studies have highlighted how people’s perceptions of environmental change and 
problems shape their choice of adaptations. These studies were mainly conducted in agricultural 
communities in different parts of the world (Silvesti et al., 2012; Apata et al., 2009; Asrat and 
Simane et al., 2018; Li et al., 2017; Alam et al., 2012, 2017; Rashid et al., 2014). While these 
studies provide meaningful insights into the link between human perceptions of climate impacts 
and related use of adaptation, their recommendations might not be relevant universally due to the 
varying intensities of environmental hazards, the socio-economic backgrounds of the households, 
and the varying institutional responses to environmental change (Malone, 2009; Alam et al., 2017).  
Prior studies have also investigated the role of migration as an adaptation using conceptual 
ideas such as vulnerabilities, exposure, adaptive capacity, and household resilience (Adger and 
Adams, 2013; Mc Leman and Smit, 2006; Gemenne and Blocher, 2017; Scheffran et al., 2012; 
Tacoli, 2009), or in the context of political ecology (Radel et al., 2018; Wrathall et al., 2014). Some 
studies identified migration as a common post-disaster response (Mistri, 2013; Kartiki, 2011; 
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Alscher, 2011) but Paul et al. (2005) challenged the inevitability of such responses. Researchers 
also examined if vulnerable residents would consider permanent relocation to environmentally 
safer places in the future but reported mixed findings (Paul et al., 2020; Mortreux et al., 2009; 
Allgood and McNamara, 2017). Scholars have analyzed the effects of environmental and non-
environmental factors on migration from vulnerable environments though their concern is usually 
not on migration as a form of adaptation (Bernzen et al., 2019; Ishtiaque et al., 2017; Ishtiaque and 
Ullah, 2013).    
While these studies made a significant contribution to our understanding of the role of 
migration as an adaptation, very few studies have evaluated the role of both temporary and 
permanent migration as an adaptation from places that are affected by both slow onset and rapid 
onset hazards. This research, conducted in the Indian Sundarbans specifically asks: Do residents 
of the Indian Sundarbans perceive the impacts of environmental change? What are the adaptation 
strategies used in the Indian Sundarbans? What are the different ways residents use migration as 
an adaptation (alternative source of income, additional source of income, livelihood diversification 
strategy)? Do socio-economic and environmental factors influence the different ways they use 
migration?  Is permanent relocation considered an adaptation strategy by the residents? What is 
the relative importance of the environmental and non-environmental factors in generating 
migration from the Indian Sundarbans?  
The present study also aims to overcome some of the methodological limitations in prior 
studies from different places. Some of the prior studies focused on the receiving communities 
(destination areas) to characterize migration, and consequently ignored the non-migrant population 
from the sending communities (source areas) (Ishtiaque and Nazim, 2017; Ishtiaque and Ullah, 
2013). Many studies used secondary data to study migratory behavior or focused on migratory 
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responses only after specific natural disasters or assessed migration without separately assessing 
the temporary and permanent migratory responses (Chen and Mueller, 2018; Mallick and Siddiqui, 
2015; Ishtiaque and Ullah, 2013; Ishtiaque and Nazim, 2017; Paul, 2005). These limitations often 
failed to provide a comprehensive understanding of why some of the residents migrate while others 
do not despite facing similar environmental problems. The present study uses household-level 
primary data collected by surveying migrants as well as non-migrant households of the Indian 
Sundarban delta. This study considers both environmental and non-environmental factors that may 




Chapter 3 - Methods 
This research uses household level primary data and mixed methods of data analysis 
(qualitative and quantitative) to examine adaptation to environmental change in the Indian 
Sundarbans based on people’s perception of environmental changes and problems. Conceptually 
this research considers migration as one of the important adaptations to environmental changes 
and problems (McLeman and Smit, 2006). This chapter provides stepwise information about the 
research’s conceptual framework, geographical information about the study area, the pre-field, 
field and post-field investigation techniques, and the methodological limitations. 
 Conceptual framework 
The conceptual framework (Figure 3-1) of this study provides a nexus between 
environmental change, related economic losses, and decisions to migrate as an adaptation. 
According to the framework, environmental changes, and problems impact livelihoods of residents 
in the low-lying coastal and deltaic communities (Hauer et al., 2020; Nunn, 2013). The residents 
cope with economic losses and try to decrease overall vulnerabilities through different adaptive 
practices, both in-situ and migration. Adaptive migration can be both temporary circular and non-
circular migration for work, and permanent household relocation. Temporary migration is 
considered an adaptation as remittances may increase household adaptive capacity and provide an 
economic security against market risks at the source (Tacoli, 2009; Stark and Bloom, 1985). The 
places impacted by environmental change mostly belong to some of the poorest parts of the world 
that have a surplus of labor relative to capital (Hansen et al., 2019, Carter et al., 2007). Migration 
generally takes place from these labor rich, capital constrained places mostly to the urban centers 
that require labor to operate (Harris and Todaro, 1970). Additionally, household demographic and 
economic factors, environmental risk perception at the source, the nature intensities of 
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environmental problems, networking with the employers at the destination, and a sense of relative 
deprivation among the non-migrants also determine the decision to migrate for work (Below et.al. 
2012; Hulme 2008; Mc Leman and Smit 2006; Castels 2002; Massey et.al., 1993). On the other 
hand, permanent migration entails relocation to less environmentally vulnerable places and 
therefore limits household exposure to environmental change. However, this decision is often 
treated as a last resort when all other adaptation strategies are exhausted and depends on people’s 
perception of environmental risk, residential satisfaction at the source, ability to withstand stress 
at the individual or household level, presence of resources to migrate, place attachment, and 
presence of social capital at the destination (Adams, 2016; Speare, 1974). These factors in turn are 
partly shaped by environmental changes the place is facing. 
 
Figure 3-1 Conceptual framework of the study 
 Study area  
The Sundarban delta (Figure 3-2) is the world’s largest coastal wetland (Chatterjee et al., 2015) 
formed by the hydrologic discharge of the rivers Ganga, Meghna and Brahmaputra in the Bay of 
31 
Bengal. In magnitude this discharge is second only to the discharge by the Amazonian river system 
and is driven by the Southwest Indian monsoons. The delta occupies the Bengal Basin that lies at 
the confluence of the Indian, Burmese and the Asian tectonic plates (Wilson and Goodbred, 2015). 
It stretches 10,000 km2 with 38% in India and the remaining 62% in Bangladesh (Bandyopadhyay 
et al., 2018; Ghosh et al., 2014; Rahman et al., 2011). The Indian part of the Sundarbans stretches 
from 21°32′N to 22°40′N in latitude and from 88°05′E to 89°00′E in longitude, and is bounded by 
the River Hooghly (Map Figure 3-3) in the west, the Icchamati-Raimangal river system in the east, 
the Dampier Hodges line (northern-most limits of estuarine zones affected by tidal fluctuations) in 
the north, and the Bay of Bengal in the south (Banerjee et al., 2013). The delta is characterized by 
a network of anastomotic river channels, islands, and mudflats (Ghosh et al., 2015; Gopal et al., 
2006; Rudra, 2014).  
The Sundarbans (both in India and Bangladesh) is considered one of the seven most 
important wetlands globally due to its biological diversity (Junk et al., 2006). It is the world’s 
largest continuous belt of mangrove ecosystem that occupies more than 4000 km2 (Naskar, 2004; 
Joshi and Ghose, 2014). The ‘Sundarban’ is named after the ‘Sundari tree’, which is the dominant 
mangrove species of this region, and the name literally means ‘beautiful forest’ (sundar = beautiful, 
ban = forest). Besides mangrove, the Sundarbans is home to 200 more plant species, 400 species 
of fish, 300 species of birds, 57 species of reptiles and 42 species of mammals which include the 
Royal Bengal Tiger, Panthera tigris (Ghosh et al., 2015; Gopal and Chauhan, 2006; Mandal and 
Nandi, 1989). It was declared as World Heritage Site by UNESCO in 1997(Rahman, 2016). 
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 Figure 3-3 Major rivers in the study area 
The Indian Sundarbans has a subtropical climate according to Köppen–Geiger climate 
classification system (Debnath, 2018), with most precipitation in the summer. The average annual 
temperature of this region is 35ºC (95ºF). The summer or the pre-monsoon season extends from 
April to June followed by the monsoon that extends from July to September. The month of October 
marks the beginning of the post-monsoon season. This is followed by winter from November to 
January. The months of February and March mark the spring season (Mitra et al., 2009). The 
average annual rainfall ranges between 1662 mm to 1805 mm (65" to 71") with maximum rainfall 
in the summer monsoon months consequent to the southwesterly winds. Heavy rainfall with hail 
and thunderstorms, commonly called nor’westers, are experienced in the pre-monsoon. These 
thunderstorms often develop into cyclonic storms causing disruptions to the life and livelihoods of 
the residents. (Gopal and Chauhan, 2006). 
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The Indian Sundarbans is in the state of West Bengal in India (Fig 3-2 A). The state has 23 
administrative districts, each district is divided into several sub-divisions, and each sub-division is 
divided into several community development (CD) blocks (see Appendix). Each CD block 
comprises a few villages (moujas) where the village is the lowest administrative unit. The Indian 
Sundarbans is comprised of 19 CD blocks, 13 in South 24 Paraganas (a Paragana means a group 
of towns) district and six in North 24 Paraganas district, respectively (Hazra et al., 2002; Danda, 
2007). There are 106 islands of which 54 are inhabited by 4.37 million people with a population 
density of 957/km2. The residents are mainly engaged in subsistence agriculture, subsistence and 
commercial fishing, and honey collection from the forests. According to the Census of India 
(2011), the population of the Sundarbans has grown 18% between 2001–2011, 14% more than that 
of the state of West Bengal. Most of the people are dependent on subsistence monocropping for 
survival and 55% of these farmers are poor, landless laborers. They suffer from extreme poverty 
due to dependence on subsistence agriculture and the underdevelopment of the non-agricultural 
economic sectors. Forty-seven percent of the population is considered marginalized (scheduled 
class according to the Census of India, 2011) (Ghosh et al., 2018). 
The Sundarbans is one of the hotspots of global climate change (De Souza et al., 2015; 
Chand et al., 2012). It is severely affected by sea level rise, the rate of which is more than the 
Indian national average, salinity intrusion, increasing sea-surface temperature, rainfall 
variability, storm surges, increased frequency of river flooding, storms, over siltation of the 
rivers, soil erosion, and island subsidence (Halder and Debnath, 2014; Ghosh et al., 2014; Raha 




The Northern Indian Ocean has been rising at a relatively high rate compared to the other 
oceans and the Bengal delta has been subsiding at a mean annual rate of 15-50 mm/year due to 
over-exploitation of resources and sediment trapping in the upper reaches of the rivers in the 
reservoirs and sea level rise (Mikhailov and Dotsenko, 2007, Stanley and Hait, 2000; Syvitski et 
al., 2009; Rahman et al., 2011). Given the huge population in this part of the world, coupled with 
the present rise in the sea level, and the present rate of sinking, the Bengal delta is likely to face 
the largest potential impact of sea level rise (Ericson, 2006). Measurements taken at the Diamond 
Harbor Gauge Station in the western part of the Indian Sundarbans suggested a relative rise in 
sea level (RSL) of 5.22 mm/year (INCCA 2010). This RSL was much higher than the national 
sea level rise of 1.88 mm/year (Unnikrishnan and Shankar, 2007). According to projections by 
the Intergovernmental Panel on Climate Change (IPCC), the sea level in the northern Bay of 
Bengal will possibly rise 0.3 m (1 foot) to 0.6 m (2 feet) by 2100, but due to differential rates of 
local subsidence, the rate of sea level rise might differ regionally (Kay et al., 2015). The IPCC 
also projected that 75% of the Sundarbans will be inundated with a sea level rise of 45 cm and a 
rise in 1 m can inundate the entire region. Chatterjee et al. (2015) reported that the eastern and 
western parts of the Indian Sundarbans have lost 80 km2 (31 square miles) of land in the last 32 
years. Some islands like Ghoramara, Bhangaduani, Bulchery, Jambudweep have lost more than 
30% of landmass in this period, and Lohachara, Suparibhanga, New Moore islands were 
completely inundated (Karmakar et al., 2019; Mondal, 2015; Berringer, 2012 Ghosh et al., 
2003).  Long-shore current patterns, tidal height and velocity, sea level rise, position of islands 
(distance from the Bay of Bengal) several oceanographic, geologic, and atmospheric factors, 
coupled with the growing population and unplanned exploitation of natural resources, 
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collectively contributed to this rapid shoreline modification of the delta (Ganguly et al., 2006; 
Chatterjee et al., 2015). 
 Salinization of estuarine water in the Indian Sundarbans also varied regionally with a 
decreasing trend in the western sector and an increasing trend in the eastern sectors (Mitra et al., 
2009). This difference was because the major rivers in the western sectors like the Hooghly 
River are still fed by Himalayan freshwater, whereas the major rivers of the eastern sectors like 
the Bidyarthi River are heavily silted and cut-off from the Himalayan freshwater source. The 
saline water of the estuaries enters agricultural fields during high tides and storm surges through 
river channels and tidal inlets. A study conducted by Halder and Debnath (2014) showed that 
vast areas of the Indian Sundarbans had a soil salinity as high as 20 parts per million. Their study 
also found that this salinity was higher during the post monsoon season and decreased with an 
increasing distance from the coast. Their study also showed that since the tropical storms of 
2009, parts of the eastern Indian Sundarbans experienced a rapid rise in soil salinity. Increase in 
soil salinity followed by untimely a monsoon rendered agricultural lands completely infertile for 
years.  
In addition to the salinity of estuarine water, pH, turbidity, and dissolved oxygen (DO) 
content of water also showed regional variation. In general, the pH of surface water of the Indian 
Sundarbans (8.25 to 8.33) is higher than that of the global average (8.17) (Mitra et al., 2009). 
However, pH in the western rivers is lower and shows a decreasing trend compared to that of the 
eastern rivers. On the contrary, the DO level in the surface water of the western rivers was higher 
than that of the rivers in the eastern sector. While the low pH in the western rivers was related to 
ocean acidification and increasing industrial waste generated from the nearby Haldia Industrial 
Complex, the high level of DO in the same sector was due to an influx of freshwater from the 
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Hooghly River system. Unlike pH and DO, transparency of surface water showed a constant 
downward trend for the rivers of both the eastern and the western sectors. This was due to an 
influx of load from the Himalayan rivers mostly in the western sector and embankment erosion 
in both sectors of the Sundarbans (Mitra et al., 2009). Besides these slow onset changes in 
surface water, soils and overall morphology of the islands that adversely impact residents’ 
livelihoods, and rapid onset disasters like tropical cyclones result in a loss of lives and 
livelihoods and cause damage to properties and assets. 
Cyclonic storms over the Bay of Bengal are noted for their high surface pressure gradient, 
heavy precipitation, strong winds, and large oceanic waves (Sarthi et al.,2015). Frequency and 
intensity of tropical storms were predicted to increase as the planet warms (Knutson et al., 2010; 
IPCC,2007). Cyclonic storms produce storm surges or waves of large wavelength. According to 
Unnikrishnan et al. (2011), storm surges have a catastrophic effect on the coastal areas, especially 
on the coasts of the Bay of Bengal due to high winds during a tropical storm and population density 
along the coasts (Shankar and Behra, 2019). The May 25, 2009, cyclone Aila hit the coast of the 
Indian Sundarbans and killed 137 people in India (Saha, 2015; Gupta, 2009), mostly in the Indian 
Sundarbans. The cyclone affected seven million people in the state of West Bengal in India, 
damaged over 700,000 homes, more than 40,000 hectares of cropland, and 415 miles of 
embankments along the coast (Mukhopadhyay, 2009). Since it hit the Sundarbans during high tide, 
the cyclone caused very high waves up to 22 ft and inundated vast parts (105,075 ha) of lands 
(Mukhopadhyay, 2009; International Agencies, 2009). Inundation following stagnation of saline 
tidal water for months rendered huge areas of the Indian Sundarbans infertile for agriculture and 
this severely compromised the livelihoods of people, mostly the subsistence farmers. In the years 
that followed, delayed monsoons further complicated the situation (Halder and Debnath, 2014).  
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While previous research identified some of the environmental problems and changes in the 
Indian Sundarbans, this research will examine adaptation decisions based on how residents 
perceive these changes and their economic impacts. This is important because the response of 
residents to environmental problems, including their ways of adaptation, often depend on how they 
perceive environmental change rather than on the physical and meteorological measurements of 
change (Berkes et al., 2001).  
As a response to the impacts of environmental degradation on residents’ lives and 
livelihood, past research identified some of the adaptation strategies and even predicted mass 
migration from the Sundarbans (Maharajan et al., 2020). The World Bank predicted that more than 
a million people would leave the Sundarbans of Bangladesh and India (Rigaud et al., 2018) and 
similar predictions were featured in the July 2019 issue of the National Geographic Magazine. 
Myers (1993) also predicted a mass migration of ‘environmental refugees’ from these places as a 
response to the environmental hazards and disasters. At present however, the residents of the 
Indian Sundarbans have responded to the loss of livelihood due to environmental hazards by using 
in-situ strategies such as bringing changes in the agricultural patterns, constructing local business 
through self-help-groups and tourism on the one hand, and circular labor migration on the other 
(Dutta et al., 2011). While such measures were identified as adaptation strategies, the nature of 
such adaptations is still unclear. This study will evaluate the nature of migration as an adaptation 
to environmental changes and problems in this area. This will also examine whether the residents 
are willing to permanently abandon the Indian Sundarbans in the context of the predictions of 
future mass migrations by various researchers and international bodies.  
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Survey methods 
This section provides information about the pre-field, field, and post-field stages of the 
investigations for the dissertation research. The pre-field investigation stage includes sampling of 
the blocks, villages, and number of households from each village in the Sundarbans. The field 
investigation stage includes a pilot study, participant selection in the villages, the main survey and 
the researcher’s positionality statement. This is followed by post-field investigation stage that 
includes data transcription, coding, and analysis.   
Sampling strategies  
Adaptation to environmental changes and problems is determined by several factors such 
as socio-economic, demographic, types and intensities of natural hazards and people’s perception 
to environmental change and problems (Deressa et al., 2011). As this research focuses on various 
aspects of adaptive migration, we decided to select two different Community Development blocks 
(CD Blocks) from the Indian Sundarbans with differences in the types and intensities of 
environmental hazards using a purposive sampling technique. These were the western block of 
Namkhana and the eastern block of Gosaba. While excessive erosion was the major environmental 
issue in Namkhana, soil and water salinization were reported from Gosaba (the two blocks are 
separately described in the next section). Next, we selected five villages each from these two 
blocks using simple random sampling (RAND function in Microsoft Excel) to remove sampling 
bias and to ensure that different parts of the CD blocks have an equal probability of being selected. 
Based on the population of each selected village, the selection of households to be surveyed was 
done using probability proportional to size of the villages to ensure proportional representation of 
the households as well as an equal probability of the socio-economic groups to be selected within 
the villages (Rosen,1997). 
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The selected Community Development Blocks 
Namkhana Block 
Namkhana is the southernmost block of the Indian Sundarbans (Figure 3-1 B). It has 34 
inhabited villages on two main islands, Namkhana and Mousini. The main island of Namkhana is 
bounded by the rivers Hooghly in the west and Saptamukhi in the east with numerous other 
channels cutting through the island (Bandyopadhyay et al., 2014). A study on the decadal shifts in 
the shoreline patterns (Chatterjee and Mitra, 2015) depicted a 4.37% land loss in the northwest, 
south and southwest of the island between 1979 and 2011. The island of Mousini also exhibited 
the land loss of 12.6% in the northwest, north and west. The shoreline erosion and cyclonic storms 
together resulted in surge flooding and devastation of livelihoods in many of the villages (Dasgupta 
and Shaw, 2015). While bank failures and flood frequency continued to increase in this area, soil 
salinity over the last decade has decreased, possibly because of the discharge from Farakka Barrage 
(~380 km north of Namkhana) and higher run-off from other streams (Halder and Debnath, 2014; 
Banerjee, 2013). From this block five villages were selected using random sampling. They are 
Lakshmipur, Bagdanga, Dakshin Chandanpiri, Madanganj and Narayanganj (Fig 3-2)  
Gosaba block 
The Gosaba CD block (Figure 3-1 C) is in the eastern part of the Indian Sundarbans. This 
block is surrounded by the Bidyarthi River which experiences extreme siltation and has been cut 
off from the Himalayan freshwater river sources from the north. A majority of the surface water 
bodies including the Bidyarthi River channel are only fed by estuarine brackish water and are 
therefore subjected to high levels of salinity (Halder and Debnath, 2014; Banerjee, 2013). 
Recently, there has been an increase in the frequency of rainfall and in the duration of the monsoon 
season, increase in breaching of the embankments mainly due to tidal bores, as well as an increase 
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in the frequency of flooding (Bera, 2013). In addition, during Tropical Storm Aila in 2009, there 
was a massive embankment failure due to very high storm surge. This resulted in an intrusion and 
stagnation of saline water in the agricultural fields rendering them infertile for years. It was also 
observed that increasing levels of surface water salinity in different parts of the block and increased 
acidification of the land mainly due to decomposition of biomass in the waterlogged agricultural 
fields for months after the Cyclone Aila have caused failure in growing even high salinity tolerant 
rice varieties (Halder and Debnath, 2014). These environmental hazards coupled with a very high 
population density (831.89 /km2) have led the Indian Meteorological Department to designate the 
Gosaba CD Block a high-risk zone (Halder and Debnath, 2014). For this study five villages were 
randomly selected from Gosaba Block. They are Rangabelia, Dakshin Radhanagar, 
Sudhangshupur, Bagbagan and Hetalbari. 
 
Sampling of the households 
In this study, migration was considered a household decision-making process as opposed 
to an individual decision as mentioned by Huy et al (2015), Tsegai (2007), and Agesa and Kim 
(2001). A probability proportional to size random sampling based on the percentage of households 
from the 10 different villages was done (Rosen, 1997). In this sampling, selected numbers of 
households from each village were proportional to its share of households in the village to the total 
number of households of all the selected villages. A total number of 300 households were selected 
as a sample size considering the time and funds available. Moreover, a sample size of 300 for a 
large population gives us a 5–6% margin of error at 95% confidence level which is acceptable 
(0.98/ √300) and falls before the point of diminishing returns (Hunter, 2016) 










% Of Selected 
Households 
Namkhana 
Lakshmipur 282 10 3.33 
Bagdanga 901 33 11 
Dakshin 
Chandanpiri 
1224 45 15 
Narayanganj 338 13 4.33 
Madanganj 719 27 9 
Gosaba 
Rangabelia 857 31 10.33 
Hetalbari 945 35 11.66 
Bagbagan 791 29 9.66 
Sudhangshupur 1047 39 13 
Dakshin 
Radhanagar 
1031 38 12.66 
 
Field investigation  
Pilot survey 
Before conducting the survey in the selected villages, a small pilot survey was conducted 
in the village of Pakhirala in the Indian Sundarbans to avoid overlooking errors in the main survey 
interviews (Connelly, 2008). A total of 15 households were selected for the pilot survey.  This 
village was chosen because it faced similar environmental problems as the other villages (Roy and 
Guha, 2013).  The questionnaire that was designed for the study was tested on the pilot households 
before the main survey. This survey provided an idea of residents’ perceptions of the issue of 
environmental change, use of adaptation, practice of migration and views on permanent relocation. 
The pilot survey revealed that the residents often could not distinguish between the natural and the 
built environment. When asked about the natural environmental problems, the residents often 
talked about the lack of hospitals, roads and transportation, and inflation. Therefore, for the main 
survey, specific environmental problems were specified to them. For example, the pilot survey 
asked residents asked whether they identified environmental problems, but the main survey gave 
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actual examples such as floods and rainfall to make it easier for them to understand the 
environmental aspect.  
Preparation for field survey  
The field investigation was carried out from May 2017 to August 2017 and in January 2018. The 
field investigations started with visiting the respective village Panchayat offices (local government 
office). Each village (mouza) is divided into neighborhoods called para. Information about the 
number of households in each neighborhood was gathered from the Panchayat office. The total 
number of sampled households in each village was divided by the number of paras in the village. 
The resultant number of houses were chosen from each para. For example, the target number of 
sample households in Sudhangshupur was 39. Sudhangshupur is divided into four different paras. 
39/4 = 9.75. Therefore, 10 Households were selected from each para approximately. The 
households were selected based on paras to ensure an equal representation of the entire village. 
However, the examination of data entailed a village level analysis and not a para or neighborhood 
level analysis. A systematic random sampling was carried out to select the households for the 
survey. This was done considering the size of each para. For example, in a para consisting of 20 
households, if the target number of households is four, one in every five households was selected. 
In the Indian Sundarbans households follow both linear and scattered settlement patterns. The 
households in a linear pattern could be systematically selected, but the ones that followed a 
scattered pattern had to be chosen randomly. A part of the survey was conducted during the nursery 
season of rice in Gosaba (May to July) and in the sowing season in Namkhana (July and August). 
In many instances, residents were not available in their homes as they had to work in their fields. 
In those cases, names of the residents were taken from neighbors and the residents had to be tracked 
down in their agricultural fields for surveys. 
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Participant selection 
After selecting a household for the survey, the head of the household was requested to participate 
in the survey. The Census of India (2001) defines ‘head of the household’ as “one who is 
recognized to be so by the household.” In case of absence of the head the next adult over 18 years 
of age was requested for the interview. Sixty-one percent of the time, the head of the household 
could be interviewed. Females were recognized as the household heads in only 14% of the 
households, and for the rest, males constituted the heads. Upon selecting the participant for the 
survey, the broad scope of the survey was explained and written documents about the scope of the 
survey were provided to each respondent. Signatures of the respondents were taken on the required 
papers from the Institutional Review Board of Kansas State University (Appendix D). No resident 
refused to participate in the survey.  
Every field survey was accompanied by a local person chosen from the public transport 
depot outside the villages or appointed by the local Panchayat office. They were mostly (9 of 10 
times) the drivers of the vehicles that were rented for transport within the villages. While renting 
the vehicle, it was made sure that the driver was acquainted with the residents of the respective 
villages. The insiders mostly helped with introducing me to the households. This helped establish 
rapport with the members of households for easier communication. Furthermore, after each day of 
survey, a general summary of findings was discussed with the insiders to ensure the interviewers’ 
proper understanding of the responses.   
Main household survey 
A semi-structured questionnaire (Appendix A) was used for the survey. Its semi-structured 
design kept the interview more open ended to collect the maximum information about residents’ 
perspectives on environmental problems, risks, and adaptation strategies (Sovacool et al., 2018). 
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The questionnaire was written in Bengali, the vernacular of the place. The unit of study was 
individual households. The Census of India (2011) defines a household as a group of people 
sharing the same kitchen. The head of the household was asked to respond to the questionnaire. In 
the absence of the head member, the next adult member was asked to respond. The conversation 
was recorded using a voice recorder machine.  Each survey took approximately 15–20 minutes. 
The questionnaire was divided into 6 parts based on the objectives of the research. They are as 
follows.  
Demographic and economic information: General information about respondents’ age, 
household size, years of residence in the respective villages, sources of income, actual income, 
whether the household owned farmlands, types and amounts of crops grown, whether the 
households had ponds or fisheries for consumption or commercial purpose.  
Identification of environmental problems: Respondents were asked about the 
environmental problems they faced in the last 10 years in the Sundarbans, whether she/he 
perceived changes in the intensities or frequencies of the environmental problems and rise in the 
level of water in the rives and the ocean over the years. 
Environmental risk perception:  A scale of ‘no risk’ to ‘extreme risk’ (0–4) was used to 
understand the level of environmental risk perception of each respondent. Following, they were 
asked if environmental risk increased or decreased over the years in the Sundarbans and if they 
were aware of global warming induced climate change. If they failed to understand the term 
“Jolobayu Poriborton”—the Bengali for climate change—the surveyor elaborated, it in layman’s 
words: “Have you heard about increasing ice melt in the mountains and poles due to warming of 
the earth.” If they replied yes, they were requested to explain what they knew.  
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Adaptation responses: The respondents were asked about the various ways they coped or 
adapted to environmental changes or problems. If they had not already mentioned they were asked 
if they had a membership with a micro-finance organization, had a kitchen garden, whether they 
received any monetary or non-monetary help from any non-governmental organization or from the 
local government in the last 10 years, and whether these strategies contributed towards mitigation 
of household economic risks.  
Migration/non-migration:  Respondents were asked if anyone migrated from their 
household in the last 10 years, length of stay in the destination, demographic information about 
the migrants, presence of acquaintances in the possible destinations, availability of information 
regarding migration destinations, and costs of migration.  These were followed by open ended 
questions on reasons behind migrating and whether migration boosted the household economies 
(most of the time, I did not need to ask this question as respondents already talked about circular 
migration and its use when asked about their sources of income or use of adaptation).  
Permanent relocation: Respondents were asked whether they wanted to relocate soon or in 
the future to reduce household environmental vulnerabilities, whether they had purchased land or 
homes outside the Sundarbans, and about their preparations in case they are forced to migrate due 
to island inundation in future. 
 Post field investigation 
 Transcription and coding 
After the field visit, the voice recordings were transcribed in Bengali (an attempt to 
translate the recordings in English was made but it resulted in loss of information). It was then 
coded in Microsoft Excel. Two types of codes were used: 1) Numeric coding 2) Thematic coding.  
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Numeric coding: The variables (age, years of education, number of family members, and 
number of income sources) were coded with their respective numeric values, whereas the variables 
like sources of income, loss of livelihood due to erosion, salinization, storms and monsoonal 
variability, awareness about climate change, and perception of sea level rise, were coded with the 
value of 1 for Yes and value of 0 for No. The variable ‘perception of environmental risk’ was 
coded 0 to 4, 0 as No Risk and 4 as at an Extreme Risk. The variable Change in Risk was coded 0 
to 3, where 0 is No Risk, 1 is Increase in Risk, 2 is Decrease in Risk, 3 is No Change in Risk.  
Thematic coding- The questions about how the migrant households used migration to cope 
up with environmental loss and reasons behind their decision regarding permanent relocation were 
coded thematically. First, common words and phrases were identified, and then households were 
assigned to different categories (Marying, 2010; Elo and Kyngäs, 2008; Krippendorff, 1980.
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Table 3-2 Variables used in the study and their distribution in the Namkhana and Gosaba Blocks. 
Variables Numeric Coding 
Households in 
Namkhana Block 
Households in Gosaba 
Block 
Average Age of respondent Numerical Data 43 44 
Female: Male respondents Numerical Data 29:100 29:100 
Average Education of respondents Numerical Data 6 years 8 years 
Average Size of Households Numerical data 4.94 4.75 
Productive Crop Land (ha/capita) Numerical data 0.06 ha 0.1 ha 
Agricultural daily labor 1=Yes, 0=No 57% 53% 
Non-agricultural business holders 1=Yes, 0=No 18% 27% 
Salaried employees and quacks 1=Yes, 0=No 6% 8% 
Commercial fishermen 1=Yes, 0=No 23% 3% 
Income Loss Erosion 1=Yes, 0=No mention 27% 8% 
Income loss Salinization 1=Yes, 0=No mention 53% 58% 
Environmental Risk Perception 0-4 (no to extreme) 2.6 2.8 
Change in Environmental risk 
1=Increase; 2=Decrease, 3=No 
Change, 0=No Risk 
1.5 1.9 
Sea Level Rise Perception 1=Yes, 0=No 83% 87% 
Climate Change Awareness 1=Yes, 0=No 13% 42% 
Availability of information on 
labor migration 
1=Yes, 0=No 100% 100% 
Data for “amount of land holding” was collected in local unit of measurement called “bigha”, where 1 bigha = 0.13 hecta
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Analysis of data 
Both quantitative and qualitative methods of data analysis were used in this study. This 
study was divided into three parts: In the first part (Chapter 5) we evaluated residents’ perceptions 
of environmental change and problems and their impacts on the household economies using simple 
descriptive statistics. In the second part (Chapter 6), we examined the nature of adaptive responses 
practiced by the households. For this the in-situ adaptations were analyzed using simple descriptive 
statistics. Following, we used qualitative content analysis to understand the different ways 
households practiced migration.  Next, the differences in demographic, socio-economic 
characteristics of these categories of households, loss of livelihood due to environmental hazards 
and disasters, and their perception of environmental risk were analyzed using Mann-Whitney U 
test or Wilcoxon Rank Sum Test (MWW test) (for continuous variables) and Fisher’s Exact test 
(for the categorical variables). These were used to compare the groups of migrant households to 
find whether there were any socio-economic and demographic differences, or differences in 
environmental risk perception among these households that might have influenced their ways of 
migration.  MWW test is a non-parametric test, used to decide whether the two samples are derived 
from the same population and compare the differences between two independent groups in a 
sample with continuous or ordinal data (Nacher, 2008). Therefore, variables such as age, years of 
education, size of households, and number of productive lands were tested using the MWW test. 
A Fisher’s exact test, on the other hand, is used to compare two variables with non-random 
categorical values generally using 2 by 2 contingency tables (Hess and Hess, 2017). The variables 
that have 0/1 (yes/no) values (Table 3.2) were tested using the Fischer’s exact test. Next, qualitative 
content analysis was again conducted to understand respondents’ willingness to permanently 
relocate from the Sundarbans in future.  
50 
In the third part of the study, we wanted to understand why some households pursued 
migration as a livelihood strategy and others did not. We used descriptive statistics to analyze the 
reasons stated by the respondents about migration and non-migration. We then used two logistic 
regression models in our analysis. A logistic regression model uses a binary dependent variable 
and a set of independent variables to predict the values of the dependent variable from a set of 
known values of the independent variables and explore the functional relationship between the 
dependent and the independent variable and analyze the causes of variations in the dependent 
variable. (Jha et al., 2018; Abu, 2014). We used logistic regression because our dependent variable 
was binary (migration/non-migration). The first model was used to analyze the relative importance 
of the socio-economic and environmental variables in migration. Some of the past studies revealed 
that households that depend on subsistence economies are most vulnerable to climate change, yet 
other studies revealed that relatively rich households pursue migration while the poorest do not 
(Morton, 2007; Bernzen et al., 2020). In this study we wanted to examine whether reliance on 
subsistence agriculture as the only source of household income (in-situ) had any impact on 
migration and used another logistic regression model for the analysis. These models are discussed 
in detail in Chapter 7. Prior to developing the logistic regression models, correlation coefficient 
analysis was done on the dataset to detect multi-collinearity. (Johnson and Wicheren, 2008).  
 Researcher’s positionality statement 
Researcher’s positionality is crucial during face-to-face interviews. Factors like 
interviewer’s age, gender, experience in the field, religion, socio-economic status may have an 
influence on the quality of data collected (Bourke, 2014). I had previous experience working in 
rural India and was well acquainted with the rural culture and economy. Throughout the survey, I 
therefore tried to be careful and clear myself off assumptions so that my pre-conceived notions 
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and any bias about rural India do not affect the interviews in the Sundarbans. The Indian 
Sundarbans is one of the most impoverished regions of the country with people constantly battling 
poverty. I, on the other hand, belong to the economically affluent group of Indians and was far 
away from the problems that the people of the Sundarbans battled. Initially, in the field I used to 
be worried, thinking it may be insensitive on my part to ask them about their socio-economic 
situations and what if the residents refuse to talk about their problems to someone from a 
completely different socio-economic background. I was wrong. Despite the differences, I think 
that the same Bengali linguistic culture helped to build a connection with the people, and none of 
the selected residents refused to participate in the survey. It seemed that the residents considered 
these interviews as means of communicating their problems with the world. In this context, I think 
that my affiliation with a university outside India might have influenced the interviews. There is a 
possibility that the residents overstated their problems to convince me of their severities, their 
everyday hardships and with a hope of receiving some aid if their problems reached the 
international community. Here I should mention that before every interview it was made clear that 
no incentive will be paid for participation.   
In almost all cases, the household’s residents enquired about my native place in India. That 
seemed to be a part of their culture.  I noticed that their acceptance towards me increased as they 
came to know that I grew up in a very small town away from the metropolitan city of Kolkata. It 
is possible that if I grew up in a city, they would not have communicated their distrust in urban 
life, urban people and urban culture when talking about possibilities of permanent migration to the 
cities. In a few households however, older women were initially reluctant to participate and wanted 
the male members to respond. As per my understanding, due to prevailing patriarchy and lack of 
education, older women might not have considered themselves knowledgeable enough to respond 
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to interviews. Some of these women later responded after I explained the scope of the survey. 
Throughout the research process I was reflective about my positionality as a researcher. While I 
may have certain preconceived notions, if I discussed and evaluated the results of this research 
being reflective about my positionality as a researcher, I could provide a meaningful interpretation 
of data to address the research questions.  
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Chapter 4 - Environmental Problems in the Indian Sundarbans 
 Introduction 
The Indian Sundarbans is one of the world’s largest coastal wetlands and constitutes more 
than 100 small islands, out of which 56 are inhabited by 4.37 million people (Sil, 2016; De Souza 
et al., 2015; Dasgupta and Shaw, 2014; Dutta et al., 2013; Chand et al., 2012). This region 
experiences a wide range of environmental problems such as erosion, salinity, monsoonal 
variability, and frequent tropical storms. Erosion is a natural phenomenon in the Sundarbans which 
is formed by the deposition of major rivers—the Ganges, Meghna and Brahmaputra— draining 
into the Bay of Bengal. However, the rate of erosion in some parts of the Indian Sundarbans has 
been observed to be much faster than the rate of deposition (Hazra et al., 2010, 2002) which led to 
obliteration of some islands in its southern parts. Salinity of river water in the eastern parts of 
Indian Sundarbans is much higher than that in the western parts. Most rivers in the western region 
are distributaries of the Hooghly River, which is still fed by Himalayan snowmelt, whereas in the 
eastern region, rivers like the Matla, Bidyarthi and other rivers do not receive much freshwater 
supply and are primarily fed by baseflow (flow of water in between two precipitation events), 
precipitation and intruded saline water from the Bay of Bengal leading to increased levels of 
salinity in these rivers (Maitra et al., 2009). Haldar and Debnath (2014) showed that rivers in the 
eastern parts of Indian Sundarbans (Gosaba Block) have salinity ranging from 16 to 20 parts per 
thousand (ppt), as compared to average freshwater river salinity of 0.5 ppt and sea water salinity 
of 35 ppt. It was also shown that river water salinity in the eastern parts has gradually increased in 
the last 30 years from 13 ppt in 1980 to >20 ppt at present (Mitra et al., 2009). In contrast, in the 
western parts of the Indian Sundarbans, river water salinity has been decreasing since 1980, from 
15 ppt to 11 ppt at present.  
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Many studies have shown that global climate change has influenced the local environment 
in the Indian Sundarbans. For instance, increase in sea surface temperature by 0.5ºC/decade has 
led to delayed and drier monsoons. A sea level rise of 5.22 mm/year, which is higher than the 
global average of 1.88 mm/year, has led to accelerated erosion and subsidence of islands in parts 
of the Indian Sundarbans. A very high population density of 957 persons/km2, residents dependent 
on natural resources for survival, and extreme poverty of the population have resulted in extreme 
vulnerability of these people to climate change (Dasgupta and Shaw, 2015). In addition to these 
ongoing environmental problems, sudden onset climatic events like tropical storms were also 
reported to severely compromise the lives and livelihoods of the residents of the Sundarbans (Paul 
and Chatterjee, 2019). In 2009, the Sundarbans of Bangladesh and India was hit by a Tropical 
Cyclone Aila that caused a loss of 137 lives in India, mostly in the Sundarban delta. The cyclone 
resulted in storm surges followed by thousands of kilometers of embankment failures (Paul and 
Chatterjee, 2019). This storm brought large amounts of saline water causing a rapid increase in 
salinity in river water as well as surface soils particularly in the eastern parts that were on the 
trajectory of the storm (Mitra et al., 2009). More than 100,000 hectares of land were inundated by 
saline water intrusion causing long-term infertility of agricultural lands (Mukhopadhyay, 2009).  
While meteorological and field measurements have confirmed the severity of 
environmental problems in the Indian Sundarbans, residents’ perception of these problems may be 
variable. Prior studies conducted elsewhere have established that human perceptions of the 
environment, environmental processes and problems are shaped by the socio-cultural system they 
belong to (Cortés and Chavero, 2011), prior experiences and awareness (Ejembi and Alfa, 2012; 
Slegers, 2008), and the effects of environmental problems on residents cannot be examined 
through meteorological observations alone (Bomuhangi et al., 2016). Slegers (2008) described 
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perception as a range of beliefs, judgements and attitudes that become important while evaluating 
the localized effects of global climate change in the affected areas. Levels of personal and 
community knowledge or awareness about climate change also influences a resident’s perception 
about local environmental problems. It has been seen that the residents perceive the effects of 
global climate change in the context of problems at the local scale that they face day-to-day, and 
resident responses to these local environmental problems are often based on their personal and 
community perceptions of the problems (Berkes et al., 2001). For example, in an area where 
meteorological measurements have confirmed an increase in sea level rise, the residents living 
close to the seashore may perceive SLR as a problem, whereas for residents residing further inland, 
SLR may not be a major issue. The response to the environmental problems may be through variety 
of adaptation strategies including in-situ changes in their ways of life, or through temporary or 
permanent migration from the place.  
Minimizing the effects of climate change related environmental problems at the local level 
is largely done by developing adaptation strategies among the residents of the affected area. 
Knowledge gained from perception studies help in developing community‐specific adaptation 
strategies which address the most relevant effects of climate change (Slegers, 2008). The residents 
adapt to the environmental problem as they perceive it rather than its physical or meteorological 
measurements. Hence, both physical measurements of the problem and resident perception of the 
problem needs to be studied to minimize the impacts of climate change related environmental 
problems. To date, very few studies have systematically studied the residents’ perception of 
environmental problems in Indian Sundarbans. The present study specifically focuses on 
understanding how the residents perceive problems like erosion, salinity, monsoonal variability, 
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tropical storms, sea level rise, and whether they are economically impacted by these environmental 
problems.  
 Methods 
A household level questionnaire survey was conducted in Gosaba (eastern) and Namkhana 
(western) community development (CD) blocks in the Indian Sundarbans during May–August 
2017, and January 2018. Close ended questions were asked about whether residents perceived 
changes in the intensities of environmental hazards, whether they perceived sea level rise, and 
whether they suffered economic losses due to these hazards in the last 10 years (see questionnaire 
in Appendix A). This data was coded numerically, and simple descriptive statistics was used to 
address the objectives of this research. A 10-year period was adopted to capture the impacts of 
slow onset hazards like sea level rise and disasters like Tropical Storm Aila that struck the 
Sundarbans in 2009, eight years prior to the survey. 
 Perception of environmental problems by the residents 
Excessive riverbank and coastal erosion, salinization of soil, monsoonal variability and 
tropical storms were identified as major environmental problems in the Indian Sundarbans. The 
residents perceived changes over the years mostly in excessive erosion and salinization of land, 
time of monsoon arrival and intensities of tropical storms over the Bay of Bengal. These 
environmental hazards and disasters also compromised their livelihoods. These environmental 
problems were previously reported by physical and meteorological measurements in the study area 
(Kitoh et al., 2013; Saxena et al., 2014; Hazra et al., 2002; Goswami et al., 2000).  
 Erosion and salinity  
Table 4-1 shows the results of resident perceptions of changes in riverbank and coastal 
erosion and salinity intrusion in the last 10 years in their respective villages. In the Namkhana CD 
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Block, an increase in coastal erosion was mentioned by all the surveyed households in the coastal 
village of Lakshmipur. Similarly, an increase in the erosion of the banks of the Muriganga River 
(Figure 10-8) in Bagdanga and the Hatania-Doania River (Figure 10-8) in Narayanganj was 
mentioned by 100% and 92% of the surveyed households in the respective villages. These 
respondents also mentioned an increase in the rates of salinity intrusion in the land in the last 
decade during high tides and storm surges as embankments are heavily damaged due to increased 
rates of erosion. Resident perceptions of changes in the rates of erosion are consistent with studies 
that measured actual rates of erosion in some of these places. For example, in the Mousini Island 
(where the village of Bagdanga is located), Chatterjee et al. (2015); Ghosh (2017) reported a 40% 
loss of land in the last 32 years due to increased storm surge, tidal heights and strong tidal currents. 
 On the other hand, no major episodes of erosion of the banks of the rivers Saptamukhi and 
Hatania-Doania in the villages of Dakshin Chandanpiri and Madanganj, respectively was 
mentioned, and very few households identified salinity-intrusion as a major environmental hazard 
in these villages. The residents from Dakshin Chandanpiri and Madanganj villages reported that 
strong embankments in their localities were especially effective in controlling riverbank erosion 
and saline water intrusion over the years. In addition, the geomorphological measurements in the 
village of Dakshin Chandanpiri (Namkhana Block) showed that the banks of the Saptamukhi 
estuary have experienced substantial sediment deposition and bank progression (Ghosh, 2017). It 
is therefore implied that the responses of the residents in these villages could be a result of 
construction of strong embankments as well as natural deposition of sediments on the riverbank. 
  In the Gosaba Block, except for the village of Rangabelia, the residents of the other four 
villages reported embankment breaching to be one of the major environmental problems and not 
extreme riverbank erosion. In Rangabelia, on the other hand 19% residents reported an increase in 
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extreme riverbank erosion leading to loss of lands. In these villages, a mixed response about 
changes in the rates of salinity intrusion was obtained as well. While majority households and 
Bagbagan mentioned an increase in salinity intrusion, most of the households in Rangabelia, 
Hetalbari and Sudhangshupur mentioned a decrease in salinity intrusion or did not mention salinity 
intrusion as a major problem except the Aila related soil salinization.  
 Therefore, in the villages of the Gosaba Block, the residents shared a mixed response 
towards changes in the salinization of land. While 26% of the residents perceived an increase in 
soil salinity, 32% perceived a decrease in soil salinity and 11% perceived no change in soil salinity 
in the last 10 years which suggests that some parts of these villages experienced salinity intrusion 
while others did not.  Physical measurements revealed that vast areas of the eastern Indian 
Sundarbans are affected by salinization as the eastern rivers are cut-off from the freshwater source 
and the extended periods of saline water inundation after Aila in 2009. This suggests that the 
residents of the Gosaba CD Block perceived changes in salinity differently when compared to 
physical measurements.   
This might be because the salinization of land mostly occurs due to embankment failures 
either during storm surges or due to local bank erosion (Halder and Debnath, 2015; Dhara and 
Paul, 2016). While salinization due to embankment failures during storm surges may affect vast 
parts of land, at other times embankment failures can be local (as some embankments can be 
stronger than the others) causing local intrusion of saline water. The residents may have formed 
their opinions based on the local situation rather than considering the situations in other parts of 
their villages or nearby. The other possible reason why residents perceived changes in salinity 
differently might be that some residents considered rapid salinity increase during Aila and 
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underestimated the present day increase in salinity, whereas residents who did not compare the 
present-day salinity with Aila-related salinity may have overestimated the increase in salinity.  
 Monsoonal variability and tropical storms 
Survey results showed that 100% of the respondents mentioned that they perceived an 
increase in monsoonal variability and tropical storms. Residents believed that monsoons were 
being delayed almost every year causing severe economic losses to the agricultural community. 
Even though the households relying on agriculture for a living suffered the most due to monsoonal 
delays (Table 4-3), the non-agricultural households also perceived increased monsoonal variations 
over the years highlighting how community’s vulnerabilities from an event shapes individual 
perception. However, this observation needs cautious interpretation because of the timing of the 
survey which coincided with a delayed monsoon season and might have captured reactionary 
responses of the residents.  Residents also emphasized their experience of storm surges during Aila 
in 2009 claiming that they witnessed large waves during the storm which they “had never seen 
before” and believed that storm intensities have increased perceptibly over the years.  
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Table 4-1 Household perception of changes in environmental challenges (land loss due to erosion and salinity intrusion) in the studied 
villages in the Indian Sundarbans. 
V1-Lakshmipur; V2-Bagdanga; V3-Dakshin Chandanpiri; V4-Naraynganj; V5-Madanganj V6-Rangabelia; V7-Hetalbari; V8-
Banbagan; V9-Dakshin Radhanagar; V10-Sudhangshupur. (P) value represents statistical difference between the means of changes in 
environmental issues between the two CD Blocks of Gosaba and Namkhana. *Not applicable- The households either did not mention 
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Embankment 
breaching 
Increased 100 100 0 92 0 
73±49 
(0- 100) 
19 20 29 39 24 
26±8 
(19-39) 
Decreased 0 0 0 8 0 
2±3 
(0-8) 
26 53 25 26 28 
31±12 
(25-53) 





0 0 0 0 100 
40±55 
(0-100) 




Increased 40 80 0 92 7 
40 ±48 
(0-100) 
23 20 46 29 14 
26±12 
(20-46) 
Decreased 0 0 100 8 93 
40±52 
(0-100) 
26 40 32 24 38 
32±7 
(32-40) 
Unchanged 20 20 0 0 0 
8±11 
(0-20) 






10 00 00 00 00 
2 
(0-10) 




30 00 00 00 00 
8 
(0-30) 
19 20 07 45 34 
25±14 
(7-45) 
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 Sea level rise  
Table 4-2 shows the results of respondent perceptions about the rise in the levels of high 
tides and storm surges over the years. A total of 248 respondents (83% of the total respondents) 
perceived such rise. Survey results also indicated that this perception was partly shaped by the 
tidal surges during TS Aila in 2009, which according to the respondents were unusually high and 
unprecedented. In the village of Rangabelia, out of 22 respondents who were aware of climate 
change, four respondents were particularly aware of global warming and added that the 
Sundarbans will be at an extreme risk of inundation in the next few years. On the other hand, 10 
survey participants from the village of Hetalbari, Dakshin Radhanagar and Bagbagan said that the 
estuaries in the Sundarbans are increasingly being choked due to rapid sedimentation of the rivers 
leading to rising levels of water in these estuaries and embankment failures. One of the survey 
participants, a quack (an accepted term in Indian rural medicine referring to untrained people 
practicing medicine) physician from the village of Dakshin Radhanagar said that he believed that 
the rise in water level was due to excessive extraction of ground water from the Bengal basin 
leading to submergence of the delta. The other respondents said that while they could perceive an 
increase in the level of water over the years, they were not sure about the reason behind such rise.  
The opinions of residents about the reasons behind rise in the level of water over the years 
is consistent with scientific research in this area. Geomorphological studies from the eastern part 
of the Sundarbans reveal that excessive siltation of the rivers like the Bidyarthi is leading to a rise 
in high tides and storm surges (Trivedi et al., 2016; Mitra et al.,2009). Besides, land subsidence of 
10–12 mm/year in the Bengal Delta has resulted in an increased rate of relative rise in sea-level in 
the Sundarbans. This subsidence is primarily a result of extraction of groundwater by the dense 
population of the nearby metro cities, sediment compaction, and to an influx of huge amounts of 
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sediments in the early Holocene due to strengthened monsoons. This sediment influx has since 
contributed to the subsidence of the Bengal Delta and is predicted to cause subsidence in the next 
thousands of years even if sedimentation stops (Karpytchev et al., 2018; Higgins et al., 2014). 
Table 4-2 Respondent household perception of sea level rise 











Dakshin Radhanagar 84 
Sudhangshupur 85 
  
 Economic impacts of the environmental hazards 
Residents suffered economic losses due to excessive riverbank and coastal erosion and 
related salinization, salinity intrusion due to occasional breaching of embankments, rainfall 
variability, loss of livelihoods from tropical storms (Table 4-3 and Figure Appendix 10-4). 
Economic losses occurred primarily due to damage to agriculture, and by obstructing employment 
of agricultural daily wage laborers. More than a quarter of the surveyed households (28.15%) in 
the Namkhana Block and 6.97% of the households in the Gosaba Block reported major loss of 
livelihood due to excessive riverbank erosion, and 45% and 70% of the households in these two 
blocks reported economic losses due to salinization of lands, respectively. The communities that 
did not rely on agriculture for survival, suffered less economic loss from these hazards compared 
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to the others. For example, only 20% of the households in the village of Lakshmipur reported loss 
of livelihood from erosion and related salinization of land (Figure Appendix 10-4). This was 
because the major economy of 70% of the respondent households was deep sea fishing (Figure 
Appendix 10- 3) and none of them owned agricultural lands within the villages. They mentioned 
that their incomes from sea-fishing were partially compromised during tropical storms and not due 
to riverbank erosion or salinization of land indicating that loss of livelihood in environmentally 
vulnerable places could be minimized if pursued livelihoods are less sensitive to the specific 
environmental hazards of a place. On the other hand, excessive riverbank erosion leading to loss 
of lands and related salinization of lands heavily affected the livelihoods of the residents of 
Bagdanga and Narayanganj villages in the Namkhana CD Block. In the Gosaba CD Block, most 
of the households in every village suffered economic losses from salinization of lands in the last 
10 years.  It should be noted that the villages that reported increased erosion and salinization (Table 
4-1) also reported more cases of economic loss from the same (except Lakshmipur). This was 
because the residents were primarily farmers who either owned lands or worked as agricultural 
laborers in other’s lands and experienced loss of income either due to land loss or salinization (Fig 
Appendix 10-3 and 10-4).  
The TS Aila also caused an immense loss of life and property in the Sundarbans (Bhunia 
and Ghosh, 2011, Chakraborty, 2015; Kar and Bandyopadhyay, 2015; Paul and Chatterjee, 2019). 
Most of the respondent households in all surveyed villages faced economic losses (damages to 
crops, fisheries and property) during TS Aila in 2009 (Table 4-1), and the agricultural households 
particularly in the villages of Rangabelia, Dakshin Chandanpiri, Hetalbari, Dakshin Radhanagar, 
Madanganj, Bagbagan and Sudhanshupur, lost their livelihoods due to monsoonal delays. The 
main crop grown in these villages is rice, which is extremely sensitive to rainfall variations (Table 
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Appendix 10-4).  Rice requires rainwater during the nursery season. A delayed monsoon slows 
down germination of seeds. Additionally, if there is heavy rain in the pre-maturing season, rice 
plants rot (Halder and Debnath, 2015).   Given that most of the residents in the studied villages of 
the Indian Sundarbans earned their living through farming, low rice yields heavily compromised 
household annual income. This in turn reduced agricultural labor employment within the villages, 
impacting the overall economy of the community.  The households that did not have lands like the 
fisher households of Lakshmipur or the households that permanently lost their arable lands due to 
erosion and salinization, did not face a major economic loss due to monsoonal delays. However, 
due to very small sample size in Lakshmipur (10), this observation needs more research. 













Major Storms  
(Aila in 2009) 
Namkhana 
Lakshmipur 20 30 10 90 
Bagdanga 66 97 12 97 
Dakshin Chandanpiri 0 13 58 89 
Narayanganj 46 77 23 57 
Madanganj 0 7 33 100 
Gosaba 
Rangabelia 10 74 52 97 
Bagbagan 7 69 48 93 
Hetalbari 6 51 40 74 
Sudhangshupur 5 77 80 97 
Dakshin Radhanagar 8 79 66 100 
 
  Conclusion 
The objective of this study was to examine resident perceptions of environmental changes 
and problems and their economic impacts in the Indian Sundarbans. Our results suggest that 
residents perceived changes in the rate of erosion and salinization mostly in the western part of the 
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Sundarbans, and their perceptions are consistent with the physical measurements of these hazards 
in these places. The respondents in the eastern part of the Indian Sundarbans however, had a mixed 
opinion about changes in salinity showcasing how local environmental events shape the 
perceptions of people towards larger scale issues. Residents also perceived more monsoonal delays 
over the years and believed that the intensities of tropical storms over the Bay of Bengal have 
increased. This perception was shaped by their experiences during Cyclone Aila in 2009 that 
caused unprecedented damage to their lives and livelihoods. Residents also largely perceived an 
increase in the level of high tides and storm surges over the years for which climate change, 
excessive sedimentation in the eastern rivers, and subsidence of the Bengal delta due to over 
extraction of ground water were considered the major contributing factors. The respondents also 
reported loss of livelihoods and an overall loss of economy due to these environmental hazards. It 
was noted that economic impacts due to environmental changes and problems largely depend on 
the nature of the household economy and not just by the intensities of the natural hazards in the 




Chapter 5 - Adaptation to environmental changes and problems in 
the Indian Sundarbans  
 Introduction  
Adaptation is defined as “an adjustment in the ecological, social or economic systems in 
response to observed or expected changes in climatic stimuli and their effects and impacts in order 
to alleviate adverse impacts of change or take advantage of new opportunities” by the IPCC in its 
Third Assessment Report (IPCC, 2011). Residents of vulnerable environments adapt to or cope 
with environmental problems and changes to mitigate environmental vulnerabilities by in-situ 
adaptation strategies at the existing places, or by temporarily migrating for work, or permanently 
migrating to less environmentally vulnerable places (Mallik and Vogt, 2014; Below et al., 2012; 
Scheffran et al., 2012; Bardsley and Hugo, 2010; Tol et al., 2008).  This study identifies resident 
use of adaptations and coping strategies in the Indian Sundarban delta, a hotspot of global climate 
change which harbors 4.3 million people, the majority of whom are resource poor subsistence 
farmers and wage labors.  
Past studies have identified different in-situ adaptive responses from various parts of the 
world (Silvesti et al., 2012; Apata et al., 2009; Asrat and Simane et al., 2018; Li et al., 2017; Alam 
et al., 2012, 2017; Rashid et al., 2014). However, their models and recommendations may not be 
applicable to other vulnerable communities as use of adaptations largely vary with the varying 
levels of environmental perceptions, household socio-economic conditions, institutional responses 
to environmental change, and types and intensities of climatic hazards and their impacts on 
household’ economies. There is also a lack of primary level study that analyzes the role of 
migration as an adaptation. Some of the past studies investigated the role of migration as an 
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adaptation using conceptual ideas of vulnerabilities, exposure, adaptive capacity, and household 
resilience (Adger and Adams, 2013; Mc Leman and Smit, 2006; Gemenne and Blocher, 2017; 
Scheffran et al., 2012; Tacoli, 2009). Others evaluated the response in the context of political 
ecology (Radel et al., 2018; Wrathall et al., 2014). Some studies identified migration as a common 
post-disaster response (Mistri, 2013; Kartiki, 2011; Alscher, 2011) and Paul et al. (2005) 
challenged the inevitability of such response. Others examined if vulnerable residents would 
consider permanent relocation to environmentally safer places (Paul et al., 2020; Mortreux et al., 
2009; Allgood and McNamara, 2017). At present temporary migration for livelihood 
diversification has been one of the most common adaptation strategies (Alam et al., 2017; Wrathall 
et al., 2014), and permanent relocation has received mixed responses from the victims of climate 
change. While vulnerable households at the Pacific Island of Kiribati have shown positive attitudes 
towards relocation, in places like coastal Bangladesh, the Pacific Island of Tuvalu, and islands of 
the Republic of Maldives in the Indian ocean residents shared their unwillingness to relocate from 
their birthplaces despite extreme environmental risks (Paul et al., 2020; Mortreux et al., 2009; 
Kelman et al., 2019).  
This study uses primary level data from the Indian Sundarbans to i) identify the in-situ 
adaptation strategies, iii) the different ways these households pursue labor migration, that is, 
whether as a livelihood diversification strategy or an alternative livelihood strategy, iv) the 
environmental and non-environmental controls of such dependence, and v) their views on future 
permanent relocation from the Sundarbans. 
 Methods 
Primary data was collected from 300 households using a semi-structured questionnaire survey and 
the interviews were recorded and then transcribed (See Chapter 3- Research Methodology). The 
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questions were both open- and close-ended about resident use of in-situ adaptation and coping 
strategies, whether any member from the household migrated in the last 10 years, whether the 
migration was temporary or permanent, migration destinations, the frequency of migration, the 
circumstances under which migration took place, increase in average household income from 
remittances, use of remittances, and willingness to permanently relocate from the Sundarbans in 
the future. Information was also collected about a household’s socio-economic and demographic 
conditions, environmental risk perceptions, and economic impacts of the environmental problems 
in the past 10 years.  
The responses to the close-ended questions were quantitatively coded (see Table 3-1), and 
the open-ended responses were coded thematically based on themes pertaining to migration as a 
response to climate change. Based on the responses, surveys of household economic sources were 
divided into four different groups. The first group comprised daily agricultural laborers. This is an 
extremely unreliable source of income (Molinari, 2017). The second group comprised households 
with businesses within the Sundarbans. The third group comprised households with a fixed or 
stable income source such as government officials, schoolteachers, and quack physicians. The 
fourth group comprised commercial fishermen. These households either had large shrimp or fish 
farms in their villages that were used for commercial purposes or practiced deep sea fishing in the 
Bay of Bengal as their major economic activity. 
 Simple descriptive statistics were used to analyze household use of in-situ adaptation and 
migration. Content analysis (Hay, 2000) was used to analyze household responses regarding the 
different ways and the different circumstances under which they migrated and their willingness to 
permanently relocate from the Sundarbans in the future. For this the recorded interviews were 
transcribed, common words and phrases were identified, and the respondents were categorized 
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into groups. Statistical tests were done to analyze the difference among the groups of migrant 
households based on the different ways they migrated. For determining differences pertaining to 
the continuous variables, the MWW test was conducted, and for the categorical variables Fischer’s 
exact test was used. The MWW test is a non-parametric test used to decide whether the two 
samples are derived from the same population and used to compare the differences between two 
independent groups in a sample with continuous or ordinal data (Nacher, 2008). A Fischer’s exact 
test on the other hand, is used to compare two variables with non-random categorical values 
generally using 2 by 2 contingency tables (Hess and Hess, 2017).  
 Adaptation strategies and coping mechanisms to environmental changes and 
problems in the Indian Sundarbans 
 In -situ structural and non-structural measures 
All 300 surveyed households of the Indian Sundarbans acknowledged the role of strong 
embankments in mitigating the impacts of environmental degradation. They wanted the 
government to invest in strong concrete embankments along the major estuaries like the Bidyarthi 
River, and stronger earthen embankments along the smaller estuaries. Their struggles with weak 
earthen embankments were revealed during the survey as many respondents shared how they were 
often required to fix breached embankments even in the middle of the night without any support 
from the local government. However, jobs were created in the construction sector when there were 
major requirements for reconstruction of embankments benefiting the villagers. The respondents 
also recognized the need for more storm shelters in their villages. In the erosion-affected village 
of Bagdanga, raised platforms were identified as a structural adaptation used by 12% of the 
surveyed households. These platforms were used during inundation following a high tide or storm 
surge. Building raised homes was also identified as a structural adaptation measure by six 
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households. Several other adaptive strategies after a loss of livelihood due to both sudden onset 
and slow onset environmental change were identified (Table 4.3).  These results from the Indian 
Sundarbans were comparable to in-situ structural and non-structural adaptation measures used in 
other parts of the world such as rural Bangladesh, Nepal, and Uganda (Haque, 2017, 2006; Gentle 
and Maraseni, 2012; Hisali et al., 2011; Datta et al., 2011).  
Table 5-1 In situ non-structural adaptation measures and coping strategies used by the residents. 
Adaptive Measures Households (%) 
Government Aid* 72 
Keeping mortgage 35 
Micro-Credit Organizations 38 
Kitchen Garden for consumption 39 
Borrowing money from neighbors 14 
Selling assets 0.3 
Consumption reduction 0.6 
Family members working together 0.3 
*This reflects the percentage of houses that consider government aid as a significant coping 
or adaptation strategy and not the percentage of houses that received government aid in the 
last 10 years 
Results showed that most of the residents from the study area, at least partially, relied on 
government aid. Government aid included a one-time sum of INR 10,000 ($200) per household 
and 10 kg rice per household per month which residents continued to receive during the survey 
duration, and additional food grains at a subsidized price under the governmental public food 
distribution schemes. Although such food distribution schemes were largely appreciated by the 
respondents and considered effective coping strategy, according to the FAO (2008), climate 
change may create a crunch on public resources leading to reduced support from these food 
distribution schemes, which may in turn increase food insecurities, hunger, and even starvation-
related deaths in the future. Additionally, even though these food distribution schemes in India are 
meant to reduce food insecurities, they are fraught with corruption and the grain intended for the 
poor often fails to reach them or are misused (Lal, 2015). The subsistence farmers may benefit in 
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the long term with planned conversion of the salinized agricultural lands into saline fish farms, 
and with the distribution of saline-tolerant varieties of rice seeds which surprisingly none of the 
households reported to have received, even for experimentation purposes. Other in-situ adaptation 
and coping measures identified were borrowing money against mortgage, growing consumable 
food products in kitchen gardens, borrowing money from cooperative banks and non-
institutionalized sources (neighbors and acquaintances), a very few residents sold their assets or 
reduced their consumption to cope with natural hazards mainly TS Aila., and some joined micro-
credit organizations.  These are “revolving funds” organizations where members are required to 
deposit INR 20–50 every month. In times of need, they can borrow money from these 
organizations and pay them back every month with an interest rate fixed by the respective 
organizations (Datta et al. 2011; Philcox et al. 2010). Apart from these strategies, the respondents 
from the agricultural households mentioned that they stored enough crops to survive on for a period 
of at least three to six months in case natural hazards compromised their produce, and recognized 
subsistence agriculture as one of the ways to combat environmental stress. During TS Aila, 
however, these stored grains were washed away and therefore many residents have been careful 
about storing their produce in safer places, such as raised areas inside their homes, to protect crops 
from sudden onset disasters. Although respondents considered storage of grains as one of the 
essential ways of coping with the impacts of environmental problems, dependence on subsistence 
economies cannot be considered an adaptation as climate impacts may severely compromise 
production thus creating food insecurities leading to a reduction in consumption among the 
members of households and allocating food preferentially to the earning members to keep them 
healthy (FAO, 2008). 
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 Ex-situ measure  
 Temporary (labor) migration  
Survey results indicated that labor migration was practiced by 58% of the surveyed households in 
the study area. For all of them migration was a household decision made after careful consideration 
of the cost-benefits of migration with all adult members of the family. In the western block of 
Namkhana, 20% of the households from Lakshmipur Village, 72% from Bagbagan, 49% from 
Madanganj, and 38% from Narayanganj in the Namkhana Block were labor migrants. In the 
Gosaba Block, 48% of the households from Rangabelia, 46% from Hetalbari, 72% from Bagbagan, 
76% from Dakshin Radhanagar, and 74% from Sudhangshupur were labor migrants. At least one 
member from these households, usually males, temporarily migrated to different parts of India—
and internationally—for employment in the last 10 years (for demographic information on the 
migrants see Table 5-2). This result was consistent with previous studies on labor migration from 
the Sundarbans (Maharajan, 2020). Remittances increased their annual income by an average of 
INR 50,000 (~$600). This money was used by 100% of the migrant households primarily for 
consumption that included daily food consumption and home renovation (n=2 households) and 
setting up and reconstruction of businesses in-situ (n=6 households). All the migrant households 
acknowledged the role of remittances as a survival mechanism either during times of needs, such 







Table 5-2 Demographic characteristics of the migrant households 
Block Village Number Age Male Female Single Married 
Namkhana 
Block 
Lakshmipur 2 28 2 0 1 1 
Bagdanga 32 39 31 1 2 30 
Dakshin Chandanpiri 29 36 29 0 6 23 
Madanganj 10 33 10 0 1 9 
Narayanganj 5 35 5 0 0 5 
Gosaba  
Block 
Rangabelia 20 36 20 0 5 15 
Bagbagan 30 34 30 0 7 23 
Hetalbari 20 34 18 2 5 15 
Dakshin Radhanagar 43 38 38 5 1 42 
Sudhangshupur 45 32 45 0 18 27 
 
 The different groups of labor migrants 
Migrants may be divided into three groups based on their motivation to migrate. The first 
group uses migration to cope with any economic losses. The second group considers migration as 
an additional income strategy, for the third group, migration is either the main livelihood option 
or serves as the alternative livelihood for the households which lost their in-situ livelihoods. 
Labor migration as an immediate response to a sudden economic loss (Group 1) 
 
This group of people migrated only after their households suffered an economic loss or if they 
suddenly required a large amount of money that is difficult to earn from the Sundarbans at that 
time. This could be due to destruction of property or assets during a tropical storm, salinization of 
farmland due to sudden embankment failures, low crop yields due to monsoonal delays or any 
economic loss due to non-environmental reasons or if they required money for the construction of 
homes, funding family member marriages, etc.  
 Remittances from these migrants served as the main income source after a hazard or a 
disaster until these households could generate income from their respective villages again. 
Remittances were used to cope with the aftermath of a disaster or a hazard, for household 
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consumption, and to prepare for future hazards. However, during other times of the year, these 
households survived by working in their respective villages and did not migrate for work.  
One commonality among the migrants from this group was their migratory response after 
TS Aila in 2009. A migrant from Bagbagan mentioned: 
 “After Aila I migrated. I brought 20,000 Rupees from Lakshadweep. Now I work in the 
village. If we suffer a loss anytime, we migrate and bring money back.”  
The impacts of individual storms like Cyclone Aila are much more intense and devastating 
than that of slow and gradual processes associated with climate change like erosion or salinization. 
It is predicted that the frequency of tropical storms may increase in the future based on climate 
change modeling. Therefore, resident responses to migrate after Aila underline that such post-
disaster temporary (labor) or circular migration may be used more frequently as a reactive response 
in future. A migrant from the village of Dakshin Chandanpiri mentioned:   
“We normally do not have environmental problems in our village. However, if we do not 
get timely rain, or if there is inundation during the rainy season, we suffer an entire loss. 
We must go outside at that time. We had to migrate after Aila.” 
 
Similar post-disaster labor migration was reported in Bangladesh during Aila as well as 
other disastrous events (Rahaman et al.,2015; Penning-Rowsell et al., 2013; Kartiki, 2011). By 
comparison, Paul (2005, 1998) did not find any evidence of migration in Bangladesh after a 
catastrophic storm in 2004 and flood in 1998. According to Paul (2005), adequate and prolonged 
supply of relief and disaster aid provided to the villages affected by the storms was the major 
reason why residents did not migrate.  After Aila, the households in the Indian Sundarbans also 
received relief that helped them cope with the aftermaths of the disaster (Chakraborty, 2015; 
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Mukhopadhyay, 2009) which coincided with the survey results in this study where one of the 
residents mentioned:  
“Aila was the most devastating event I have seen. We stayed on the embankments. We 
would not have survived without government help. The government provided tents, 
blankets, dry food, and medicines for a long time.”  
 
However, in our study area, the relief might be insufficient to compensate the economic 
losses that followed the disaster. Agricultural fields were heavily salinized for years due to 
prolonged saline water stagnation consequential to storm surge during Aila (Halder and Debnath, 
2014). The resulting loss of livelihood was compensated by working outside in the urban 
industrialized sector. Several residents in this group lived and worked in the destination for a 
stretch of three years and returned only after the agricultural lands in their respective villages 
became productive again. Others migrated multiple times during this period. Remittances reduced 
household economic vulnerability that resulted from Aila by providing an economic support 
during the recovery phase (approximately three years after Aila). While most of the migrants 
migrated several times until agriculture revived in their villages, two migrant households stayed at 
the destination with their families for three long years; during this time, all adult members of these 
households worked for a living. 
Livelihood diversification: Partial dependence on remittance (Group 2) 
 
Group 2 migrants diversified their livelihoods by migrating for a few months of the year 
while working the rest of the time in their native villages. Apart from subsistence agriculture, 66% 
of these households actively participated in both off-farm and non-farm wage labor in their 
respective villages, and 20% owned non-farm businesses in-situ. Such migration for livelihood 
diversification was conducted irrespective of any economic losses they did or did not suffer, unlike 
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for Group 1 migrants. However, a livelihood from outside was required in addition to farm, off-
farm and non-farm livelihoods generated from the Sundarbans, making these households partially 
dependent on remittances for survival. According to a migrant’s wife in Dakshin Radhanagar 
village:  
“Our income comes from a van (public transport); my husband can earn 400 Rupees ($5) 
a day. Then we have our land, we grow crops… he goes outside to Kolkata (the nearest 
metropolitan city). He works in the building line (construction worker). That way we earn 
1 lakh Rupees ($1300) a year.”  
Diversifying livelihoods by pursuing non-farm activities has been one of the adaptation 
options among small-holder communities in different parts of the developing world. “It creates 
opportunities for accumulation as well as cushioning smallholders from losses due to climatic 
variability” (Weldegebriel and Prowse, 2017) as non-farm activities can provide substantial 
incomes during the lean seasons and are relatively less impacted by climate variabilities. 
Diversification to non-farm activities therefore provides a more secure livelihood to the 
smallholder communities, promotes additional income generation that can be further invested in 
less climate sensitive livelihoods, and supports optimal use of household labor and skills. These in 
turn reduce household economic vulnerabilities and promote effective adaptation to environmental 
change (Weldegebriel and Prowse, 2017; Debela et al., 2014; Bryan et al., 2009).   
 Among the surveyed households a total of 73 (42% of all migrant households) belonged 
to this category of migrant households. Among these households 71% mentioned that unreliable 
income from the Sundarbans due to major storms, sudden embankment failures, monsoonal 
variability, erosion, and salinity intrusion were the major reasons they were required to migrate for 
work for livelihood diversification. This could provide economic security in case they suffered 
hazard induced economic losses in future, indicating the practice of circular migration as an 
77 
anticipatory strategy. According to Smit et al. (2000), such anticipatory strategies are practiced 
with the intention to avert future impacts of climate change, or benefit from any opportunities that 
follows. Among these migrant households, 22% were business owners, 70% owned arable land or 
engaged in agriculture as their primary source of income, 53% suffered economic losses due to 
salinization and monsoonal variabilities (60%), by tropical storms (96%), and 36% of respondents 
believed that there has been a considerable increase in environmental risk in the last decade in the 
Indian Sundarbans.  
Additionally, 67% of these households practiced migration because they failed to earn 
enough income from subsistence farming and had fewer options for in-situ livelihood 
diversification; there was lack of jobs at the Sundarbans that paid enough to sustain large families, 
and a limited scope for earning a substantial amount of money outside, especially by working in 
the construction sector. Therefore, Group 2 households practiced circular migration for livelihood 
diversification both as an anticipatory strategy and for present economic security. One of the 
respondents (a migrant’s wife) from Bagbagan mentioned:  
“The money that we can earn from here is always not enough, we have a big family, and, 
in the Sundarbans, we never know when there will be another Aila or the next embankment 
breaching. We may suffer economic loss anytime. That is why we try to go outside for an 
extra, solid income whenever we can.”  
 
Among this category of migrant households, while most of them actively worked both at 
the Sundarbans and outside, three households had one member each who pursued labor migration 
full time, while other members worked in the Sundarbans.  
This type of migration for livelihood diversification can be explained by the theory of New 
Economics of Labor Migration (NELM), that households often deploy at least one member to work 
elsewhere to reduce economic risks, ensure economic security at the source and reduce household 
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poverty (Ezra and Kiros, 2001; Stark and Bloom, 1985). Interestingly, no household in the villages 
of Lakshmipur practiced labor migration as a livelihood diversification strategy. The main source 
of income for the residents (for 70% of households) of Lakshmipur was deep ocean fishing, which 
remained unaffected by environmental factors such as erosion, salinity intrusion and embankment 
failure, and was the least affected by major tropical storms. As a result, residents relying on deep 
ocean fishing as the main source of income did not suffer major economic loss and therefore did 
not require an additional source of income.  
Livelihood diversification & alternative livelihood with complete dependence on 
remittances (Group 3)  
 
This group of households could be further divided into two sub-groups. For subgroup A 
migration was a livelihood diversification strategy with complete dependence on remittances 
besides subsistence farming. Within this subgroup, 33% households were landless and 61% of 
these landless households did not participate in off-farm or non-farm wage work but were 
completely dependent on remittances for survival. The other households in this sub-group owned 
lands but these households diversified livelihoods with a complete dependence on remittances in 
addition to subsistence farming. Of these households 68% were engaged in off-farm or non-farm 
wage labor at least once in the last 10 years, but during the survey period they mentioned that they 
did not actively participate in in-situ wage labor because wages were lower when compared to 
what they could earn from outside, and that any in-situ income had a negligible contribution to 
their household economies. These migrants worked outside the Sundarbans for more than nine 
months every year. One of these migrants mentioned: “I work outside 5–6 months at a stretch. I 
come home for 15–20 days and then go again.” 
Two of the Group 3 households, however, owned in-situ businesses. One of them managed 
to buy a public transport vehicle and was ready to diversify his income in his native village of 
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Rangabelia during the time of the survey. This migrant mentioned that previously labor migration 
was the only livelihood for his household for the last 12 years. During the time of the survey, his 
son was a full-time migrant, and the household purchased a vehicle with remittances. This finding 
highlights the importance of remittances in developing non-field and less climate sensitive income 
sources in vulnerable environments (Gemenne and Blochar, 2017). The other business-holding 
household in this group owned a power tiller that he previously rented to other farmers. However, 
due to extreme climatic vulnerability he failed to earn profit from renting the power-tiller and so 
pursued labor migration full time as an adaptation. A migrant in Rangabelia mentioned that: 
“In the Sundarbans there is almost no income. I used to migrate even before Aila. This is 
my only income. Or else how will we survive here? Here if we work, we do not earn every 
day. We do not always get the money we deserve. But outside we do. I have constructed 
this house with remittances.”  
The subgroup B households belonged to the erosion-affected village of Bagdanga. These 
households suffered irrevocable loss of in-situ livelihoods due to erosion and continuous salinity 
intrusion. These households were completely dependent on remittances for survival. For these 
households, circular migration was an alternative livelihood that replaced their in-situ farm 
livelihoods. A migrant from Bagdanga said: 
“We have lost all our lands. All the lands in this part of Bagdanga are saline. No one can 
earn a living from lands anymore. Our only income comes from outside. We will not survive 
if we do not migrate. It is a lot of hard work but that is how we survive.” 
 
Apart from migration, the people of Bagdanga pursued extremely unreliable and temporary 
forms of economies, and when asked about their income sources, some respondents mentioned the 
ways they try to acquire daily food and considered them as sources of income. For example, when 
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asked about source of income, one respondent mentioned: “My son tries to catch some shrimps for 
daily consumption.” Another respondent mentioned:  
“I try to grow some vegetables for consumption if salinity is low after the monsoons, but it 
is becoming increasingly difficult.”  
One of the migrants said: 
 “I go to Kerala regularly and when I am here, I try to see if there is any labor requirement 
in the village for digging a pond or digging soil for embankment repair or in someone’s backyard.” 
 
The primary reasons for choosing labor migration as the main household income source by 
these households were: provision of continuous income from outside; higher wages outside 
compared to what they could earn in the Sundarbans (78%); very low income from the villages 
that is further reduced due to random environmental hazards (56%); low or no farm landholding 
(70%); and complete collapse of in-situ livelihoods due to environmental reasons.  While previous 
research suggested that circular migration from the vulnerable environments is primarily pursued 
as a livelihood diversification strategy to spread economic risk, our results reveal that temporary 
migration may also be an alternative livelihood that may substitute the in-situ original livelihoods. 
The complete dependence on remittance is either due to rural—urban wage differences, 
inequalities in land access, or irrevocable loss of livelihoods due to environmental factors such as 
extreme erosion (Carr, 2008; Harris and Todaro, 1970). 
81 
 
Figure 5-1 Different forms of labor migration and their motivations 
A transition among migrants was also observed where 20 surveyed households reported 
that they first adopted labor migration in response to a major disaster (Group 1 type), then they 
continued to migrate to earn additional income (Group 2 type). Therefore, while labor migration 
for Group 1 households is only a reactive adaptation strategy, for the households of Bagdanga, 
migration was an alternative livelihood option that might have started as a reactive strategy to cope 
with erosion related losses, but later undertaken as a concurrent adaptation. For the others, labor 
migration is an attempt towards livelihood diversification with partial or complete dependence on 
remittances in addition to subsistence farming, pursued as a survival strategy and anticipatory 
adaptation. Broadly these are distress diversification strategies “to reduce vulnerability to 
unpredictable crises such as floods, droughts and illness as well as the seasonal fluctuations of 
natural resources” (Martin and Lorenzen, 2016).  
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Figure 5-2 Percentage of households that belonged to the three different migrant groups in each 
study village. (See Appendix B for data tables) 
Comparison of the three groups of labor migrants 
The three groups exhibited significant differences in some of the socio-economic and 
demographic characteristics as well as in their perception about the environmental problems (Table 
5-2). Migrants from Group 3 had significantly less landholding, a smaller number of income 
sources, and a negligible number of households from Group 3 earned their income from non-farm 
small businesses (3%) and did not actively take part in the off-farm wage economies.  In 
comparison, migrants from Group 1 and 2 had more landholding, more income sources in their 
villages. More households (10–60%) from these groups earned their income from small 
businesses, commercial fisheries, and daily labor work. A significantly higher number of 
households from Group 3 suffered economic loss due to erosion compared to the migrants of 
Groups 1 and 2.  Many of the Group 3 migrants belonged to village of Bagdanga (Table Appendix 
10-2) who lost their lands permanently due to erosion, or their lands became infertile due to 
continuous saline water intrusion. The migrant households in Group 1 and 2, especially from the 
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storms, and their lands could be re-cropped after a few years of salinity intrusion. Group 3 migrants 
also perceived environmental risk much more profoundly than other two groups. These socio-
economic variations among three groups indicate that the residents with lower landholding (hence 
lower agriculture-based income) due to erosion, a lower number of income sources (no or less non-
agricultural income), and greater perception of environmental risk were more dependent on 
remittances compared to the others. Further, it appears that residents who suffered irrevocable and 
long-term losses due to erosion, salinity intrusion or due to storms like Aila were among the Group 
3 migrants who completely shifted to labor migration for survival. In a study in Bangladesh, 
Joardar and Miller (2013) suggested that households that suffer a permanent loss of properties and 
assets due to environmental degradation are more likely to relocate. Our study shows that even 
after permanently losing productive agricultural lands, these residents continued their stays in 
Bagdanga and supported their households with remittances from outside. In contrast, Group 1 and 
2 migrants were able to manage a part of their income through other small businesses, commercial 
fisheries, and daily labor work, and hence remittances were only a part of their income. The Indian 
Sundarbans is a very densely populated area with limited resources; migration is pursued in 
different ways by different households to reduce their overall vulnerabilities (Mistri, 2019; 
Dasgupta and Shaw, 2014). Whether practiced as a reactive, anticipatory, or concurrent response, 
the decision to migrate for work is influenced by a complex interplay of factors such as inequalities 
in land access, access to dwindling resources that are further compromised by environmental 
problems, and extreme governmental negligence towards providing feasible in-situ adaptation 
options. In such situations as Wrathall et al (2014) mention, migration becomes “the most viable 
adaptation alternative”.  
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Table 5-3 Descriptive statistics of the three groups of migrants. p statistics of MWW and Fisher’s exact test Differences among the 
three groups of migrants 
Shaded cells indicate statistically significant difference with (p < 0.05). G1, G2 and G3 represent the three groups of labor migrants 







(Fisher's Exact Test) 
G1 G2 G3 G2 vs. G3 G1 vs. G2 G1 vs. G3 G2 vs. G3 G1 vs. G2 G1 vs. G3 
People per household 5 5  5  *0.015 *0.009 0.28 n/a n/a n/a 
Landholding per head (bigha) 0.7 0.8  0.4 *0.001 0.198 *0.0002 n/a n/a n/a 
Income sources per household 1.8 1.8 1.3 *0.000 0.5 *0.001 n/a n/a n/a 
Households (%) earning their income from 
Small businesses 25 21 2.8 n/a n/a n/a *0.0143 1.00 *0.016 
Commercial fishery 13 10 n/a n/a n/a n/a n/a 0.75 n/a 
Daily labor 69 67  59  n/a n/a n/a *0.34 0.08 0.6 
Households (%) that suffered income loss due to 
Erosion 6.2 10 30 n/a n/a n/a *0.009 0.47 *0.003 
Salinity intrusion and soil salinization 59 53 63 n/a n/a n/a 0.49 0.55 1.00 
Rain variability 66 60 41 n/a n/a n/a *0.0022 1.00 0 
Severe storms (Aila in 2009) 100 96 90 n/a n/a n/a 0.55 0.65 0.27 
Environmental risk perception (0-4) 2.3 2.5 3.0 *0.004 0.292 *0.002 n/a n/a n/a 
Change in environmental risk (0-3) 2.0 2 1.5 *0.020 0.06 *0.002 n/a n/a n/a 
Sea Level Rise Perception (%) 78 84 84 n/a n/a n/a 1.00 1.00 1.00 
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Permanent Migration  
Results show that 274 of the 300 surveyed households (92%) did not want to relocate from 
the Sundarbans in their lifetime. This comprises all the households in Lakshmipur, Dakshin 
Chandanpiri, Madanganj, Narayanganj, Hetalbari and Sudhangshupur, 45% of the households in 
Bagdanga, 84% of the households in Rangabelia, 97% households in Bagbagan, and 92% of the 
households in Dakshin Chandanpiri. These respondents mentioned economic and socio-
psychological factors as reasons for their decision to stay in the Sundarbans.  On the other hand, 
8% of the surveyed households (n=25) wanted to relocate from the Indian Sundarbans. This 
comprises 55% of the households from Bagdanga, 16% of the households from Rangabelia, 7% 
of the households from Dakshin Radhanagar, and one household from Bagbagan Village. For these 
residents, environmental degradation, related loss of livelihood and better amenities in the cities 
were mentioned as reasons for their willingness to relocate from the Sundarbans.  
 Residents’ unwillingness to relocate 
Environmental risk perception and resistance to relocation 
 
Survey results revealed that the level of environmental risk perception (extreme, high, 
medium, low and no environmental risk) varied among the 274 households who did not want to 
permanently migrate from their villages in Indian Sundarbans. Only 5% of the households 
perceived no environmental risk, whereas 30% of the households perceived extreme 
environmental risk. High, medium, and low environmental risk was perceived by 27%, 17% and 
21% of the households, respectively. Therefore, 95% of households perceived at least some level 
of environmental risk but the risk was not translated to a decision to relocate from their ancestral 
places; residents believed that the situation is not risky enough for them to relocate to unknown 
destinations. The interviewed resident of Rangabelia said:  
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“Why will we go somewhere else? …. Relocation of people does not make any sense. If 
anyone relocated, I do not know why they did it.” 
 
The risk image of a place has been one of the dominant factors in resident willingness to 
stay (Dynes and Quarantalli, 1976). In this context Fordham (1992) suggested that residents from 
environmentally vulnerable places might be aware of hazards but do not always expect a disaster, 
and Lein (2000) suggested that residents who do not migrate even from extremely risky places do 
not perceive the risk of living in such places. However, our study suggests that after Cyclone Aila 
in 2009, people were aware of the possibilities and risks associated with future disasters and 
anticipated losses, but their perceptions of risk did not translate into a decision to relocate. One 
resident from Bagbagan said:  
“It is extremely risky here but that doesn’t mean we will take all the household members, 
abandon whatever we have and go somewhere else.” 
  Instead, they wanted the government to invest in more storm shelters and said they would 
rely on remittances from circular migration in case of future disasters. Many residents also said 
that they have lived through environmental challenges and have adapted to such challenges. A few 
of them even said that they were so accustomed to environmental and economic hardships that 
they were not even afraid of death anymore. Some of the households—mostly from the villages of 
the Gosaba Block—said that even though the Cyclone Aila was the most devastating cyclone they 
had ever experienced, it made them stronger, strong enough to combat any future environmental 
problems. These respondents shared their hardships during and after the storm, how they lived on 
the embankments post-Aila, were crammed into the school buildings (used as storm shelters) 
without any basic amenities, but at the same time they were thankful for the aid and relief provided 
by the government and by non-governmental organizations. When asked about why they did not 
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want to relocate even after identifying such risks and hardships, they mentioned economic and 
socio-psychological factors as reasons to stay. The resistance to permanent migration despite 
perceiving environmental risks was therefore due to economic and socio-psychological factors. 
The survey results identify these various factors and highlight their relative importance in building 
resident opinions regarding permanent migration.   
Economic Factors 
 
One of the common responses by residents who were not willing to permanently migrate 
(75 of 274 households) was that they believed that household relocation was not an option for them 
because of poverty and the lack of resources to afford a life elsewhere. Another 57 of 274 
households mentioned that they were reluctant to permanently migrate because they possessed 
property (land, home, pond, or livestock) in their villages which they did not want to lose; at the 
same time, they could not afford purchasing similar properties if they migrated elsewhere. They 
stated that they would never consider migrating for these reasons. These residents were aware of 
the high cost of land in cities as compared to that in their villages in the Sundarbans, and they were 
able to gauge the economic loss in case they had to sell their property, migrate to cities, and 
purchase new property.  This supports the resource theory that lack of household resources 
discourages permanent migration (Paul et al., 2020; Penning-Rowsell, 2013; Chen et al., 2017; 
Afsar 2003). A resident of Dakshin Chandanpiri Village expressed these concerns during the 
interview: 
 “I do not have any land outside the Sundarbans. If someone has enough money, he might 
buy land outside but that is rare.”  
 
According to most of the interviewed residents, possession of property in their villages 
gave them a perception of financial security, whereas the high cost of property and associated 
uncertainties at destination cities created a perception of insecurity. Some residents (40 of 274 
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households) also reported they were used to working in the primary sector rural and subsistence 
economies, whereas if they migrated to cities, they would need salaried employments to survive 
with their families which they believed required additional skills that they lacked. One resident of 
Madanganj village stated that:  
“I have my own house, my farmland, income sources. I have livestock here. Why would we 
abandon these and move to other places where we do not have anything of our own?”  
  
This response reflected the resident’s perception about the potential uncertainties at the 
destination, which appeared to be a major concern among many residents. According to Poncelet 
et al., 2010, sometimes uncertainties associated with moving to new places may seem riskier than 
environmental problems at the source. Another decisive factor identified by 17 of the 274 residents 
was that they were subsistence farmers and produced their own food for the family even when they 
did not have a continuous source of income such as a salaried job. Their concern was that if they 
moved to cities, they would have to purchase food from the stores and that would require stable 
salaried employment. These residents appeared to be either reluctant to pursue stable salaried 
employment or were unsure about getting a stable job in a completely new destination with much 
more competition than in their own villages. One of the residents stated:   
“We are poor people. Sometimes we cannot earn enough to feed our families. During such 
times of distress, we completely rely on whatever vegetables and rice we produce in our 
farmlands. Even if we manage to find a place in the cities, we will not have enough income 




Moreover, a response by one of the residents revealed that there was a cultural connotation 
to buying food from a store as compared to growing their own food. The resident shared their 
experience:  
“I have relatives in Sonarpur (a nearby city). I used to go there sometimes. However, I did 
not like the place nor liked the lifestyle. I have nine mango trees here, grow rice, vegetables, 
have my own poultry, have cows for fresh milk and fish from my own pond. In the cities, 
you must buy everything except water. I do not find peace in the lifestyle. We have our own 
struggles with environmental problems in the Sundarbans. That is true. However, there is 
peace and freedom here. Why would someone move to a place where people must pay for 
foodstuffs and everything else except water?” 
 
Such responses infer that most of these residents were familiar with or adapted to fulfill 
the basic needs of their families through subsistence farming which is a part of their culture. On 
the other hand, they understood that after migrating to cities, subsistence farming to support family 
needs might not be a viable option and they would need to pursue other ways of earning income, 
which they never did before and found it culturally unacceptable. This thought process resulted in 
reluctance or resistance to permanent migration among the residents. This behavior of adhering to 
ones’ culture even in the wake of extreme environmental risk is one of key elements considered 
during disaster risk reduction. It has been observed that people in the environmentally vulnerable 
places often adhere to unsustainable economies even after economic losses due to natural disasters 
because of their cultural preferences (Paul et al., 2020; Kulatunga, 2010; Cahn, 2000).  
Socio-psychological reasons 
 
Survey results revealed that, in addition to economic reasons, social obligations and 
psychological factors also played a very important role in creating resistance among the residents 
to permanently migrate from the Sundarbans despite perceiving environmental risks and associated 
economic hardship. Many (65 of 274 residents) insisted that they had a strong emotional 
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attachment to the Sundarbans, their village and community, and therefore were not willing to 
permanently migrate. Respondents further added that they would not abandon their birthplace for 
any reason except for extreme scenarios such as complete collapse or inundation of their island. 
Two of the respondents even indicated that they were willing to formulate in-situ adaptation 
policies to “save the Sundarbans” rather than migrate. The comments made by the residents 
highlight their emotional attachment to their birthplaces and how sense of place translates into a 
reluctance to relocate. 
“Nobody wants to abandon his or her birthplace;” “Sundarbans is my birthplace and I 
love my birthplace;” “We share a parental affection with the Sundarbans.” “The 
Sundarbans is our mother and we do not leave our mothers alone;” “Normally people do 
not relocate from their birthplaces. We are born here and will die here.”  
 
An emotional attachment to a place comes from sense of belonging, enhanced community 
resilience, sense of efficacy and security (Adams, 2016; Fresque-Baxter and Armitage, 2012). A 
close relationship and strong emotional bond with neighbors (community) was reflected in a 
response by one of the labor migrants:  
“When we go outside (to the cities) for work, we do not have to worry about our families 
here. We know that the neighbors will take care of them. The neighbors will be there in 
case of any emergency;” or “In case we do not have food, or anyone in the community 
does not have food, we do not starve. Our neighborhood takes care of us.” 
 
According to Paul et al. (2020), when such strong bonds are created between places, 
people, and their communities, “leaving can be next to impossible” suggesting the importance of 
in-situ social capital in migration studies.  
The survey results also highlighted that the differences between rural and urban lifestyles 
were of major concern to many (42 of 274) of the residents from the Sundarbans where the 
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residents believed that they were accustomed to living a rural life. According to these residents, 
they experienced freedom in the rural and natural environment, and they might not experience it 
in an urban lifestyle. Additionally, some residents mentioned that they were acclimatized to the 
weather conditions in the Sundarbans, and urban areas would be difficult as they must adjust to a 
different weather in cities. A few residents (13 of 274) also noted that urban living is more exposed 
to air and water pollution compared to their villages in the Sundarbans which was why they did 
not want to migrate from there. Some residents also voiced their concerns about increasing crime 
rates, women safety, and traffic accidents in the urban areas compared to that in their villages. To 
them, these risks were much worse than environmental risks in the Sundarbans, possibly because 
they knew how to deal with environmental risk, but not with urban or manmade risk. According 
to one resident:  
“What environmental risk are you talking about? When you walk in the streets of Kolkata 
(the nearest metropolitan city) you might be run over by a bus anytime. Do people leave 




Figure 5-3 Reasons to stay in the Sundarbans. 
 
The importance of place attachment in migration has been observed widely such as the 
residents of the Kiribati and Tuvalu islands who did not want to leave their islands and 
communities despite extreme vulnerability (Allgood and McNamara, 2017; Adams, 2016; 
Amundsen, 2015; Morteaux and Barnett, 2009). Results of this study reveal that in addition to 
place attachment, the residents of the Indian Sundarbans find themselves “safer and happier” 
within the Sundarbans when compared to lifestyles in potential migration destinations. The 
residents listed numerous environmental problems and associated economic hardships. However, 
when they were asked if they would consider migrating permanently, their responses reversed, and 
they listed the brighter side of continuing to live in the Sundarbans. This interesting finding 
highlighted that emotional attachment to place and community, a sense of security, dignity and 
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freedom are decisive socio-psychological factors that discouraged residents from migrating from 
the Sundarbans. These results from a primary household level survey provide evidence that these 
socio-psychological factors must be incorporated into models for predicting climate change 
induced mass migrations from places with environmental vulnerability.  
 Environmental risk perception and residents’ willingness to relocate. 
 
Twenty-six of the 300 surveyed residents indicated that they were willing to permanently relocate 
outside of the Sundarbans. Most of these residents are from the village of Bagdanga. They 
perceived the extreme environmental risk, especially because of erosion and salinization of land 
in this village. One of the residents from Bagdanga stated: 
“I wish I could move to a better place. I just do not have money to move right now. All my 
farmlands are encroached by the river. Hundreds of people have lost lands in this village. 
We have no income within Bagdanga. Whenever we have enough resources, we will move 
out of Bagdanga.”  
 
The island of Mousini where Bagdanga Village is located experiences extreme risk by rapid 
erosion (Mukherjee and Siddique, 2018; Hazra et al, 2018; Chatterjee et al., 2015) which has 
caused a reduction of agricultural yield and opportunity for agriculture related labor work. In 
addition, residents of one household in Rangabelia have already made plans to move to a nearby 
city after retirement. The respondent from this household said they had to migrate four times due 
to erosion and inundation of land in the past and were staying in a make-shift home at the time of 
the interview. This household was relatively rich compared to the others as two members had 
salaried employment. Such findings support previous findings that migration is pursued by the 
ones who can afford its costs (Penning-Rowsell et al., 2013; Bernzen et al., 2020).  Resident 
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willingness to relocate from environmentally vulnerable islands were also reported in previous 
studies.   
Allgood and McNamara (2017), in their study in the Kiribati islands reported that 
respondents wanted to migrate from Kiribati due to sudden or gradual impacts of climate change. 
Results from this study included the following expressions: “Who willingly wishes to die by 
drowning?” “We are being forced to die as we have no money to go anywhere;” “Even the 
groundwater is saline.” These expressions reflect extreme vulnerability towards environmental 
problems, and the lack of proper adaptation measures and government support (Morteaux et.al., 
2018).  Furthermore, fear and anticipation of future environmental risk due to flooding was also 
mentioned by one resident in Rangabelia as reasons he wanted to relocate in the future.  
Apart from environmental risks, better economic and educational opportunities elsewhere 
were mentioned by residents of Dakshin Radhanagar, Bagbagan and Rangabelia as reasons they 
wanted to relocate from the Sundarbans in the future. Similar findings were also reported from the 
Pacific islands of Kiribati and Tuvalu where a portion of respondents wanted to migrate elsewhere 
due to better opportunities (Allgood and McNamara, 2017; Arnall and Kothari, 2015; Mortreux 
and Barnett, 2009).  
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Figure 5-4 Reasons to relocate from the Sundarbans. 
 In case of forced migration  
The question of forced migration in case of inundation and extreme erosion seemed 
relevant to the residents in Bagdanga, Narayanganj, parts of Rangabelia and parts of Dakshin 
Radhanagar where the residents experienced erosion. To the others this question of forced 
migration sounded hypothetical, and a majority had no answer for it.  The residents of the villages 
of Dakshin Chandanpiri and Madanganj said that there was no such chance of island inundation in 
the future as erosion was not perceived as a major environmental problem. Even though several 
households had identified riverbank erosion in their localities, in Dakshin Radhanagar village, all 
38 surveyed households mentioned that they believed there was no risk of either island inundation 
or losing their homes to erosion in the future. Six percent of households in Bagbagan and 9% 
households in Rangabelia and Hetalbari also had similar opinions regarding forced migration. On 
the other hand, 30% of households from Lakshmipur, 45% from Bagdanga, 12% from Hetalbari 
and 14% from Bagbagan mentioned that in the event they lost their lands to bank erosion, they 
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would follow their neighbors. Three percent of the households in Bagdanga, 8% in Narayanganj, 
13% in Rangabelia and 10% in Bagbagan mentioned that they would try to move somewhere 
within their village. Temporary relocation to flood shelters or schools, on embankments and roads 
were also mentioned by 9% of households in Hetalbari, 14% in Bagbagan and 6% in Bagdanga. A 
few residents said that they would follow the instructions of the local government or would move 
somewhere to cities (10% of the households). However, three residents from Rangabelia, two 
residents from Hetalbari and one resident from Dakshin Radhanagar had purchased properties in 
the nearby cities; in case of island inundation, they were prepared to relocate to their city homes.  
The rest of the residents mentioned that they did not know where they would go in such a situation 
or simply mentioned that they never thought about such an issue. They said: 
“…in that case we must go somewhere” or “I do not know where I will go, I will think 
about it if such a condition ever arises.”  
 
Therefore, even though the residents were aware of environmental risk, they did not 
prioritize it in their daily lives and had no concrete plans to relocate in case of inundation. While 
they perceived future risks from cyclones after their experience with Aila in 2009, many 
households perceived risk from erosion but did not anticipate extreme loss except for the 
households in Bagdanga. This behavior of the residents indicates that they expected extreme loss 
once they experienced such loss as in the case of Aila or in the erosion-affected village of 
Bagdanga.  
Residents who had properties in cities 
Six residents had purchased properties in the nearby cities of Canning, Piyali and 
Champahati. Among them, two households from Rangabelia wanted to migrate from the 
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Sundarbans in the future due to environmental problems and future threats. One resident 
mentioned:   
“I know we have to relocate in the future. It requires preparation. That is why I bought 
land and built a home. Even scientists are sounding an alarm. I know that there will be a 
huge disaster in 10- or 20-years’ time. I never thought about it before renovating this house 
(the house in the Sundarbans) or else I would not have wasted money on this.”  
 
Another household from Rangabelia had built a home in the city to take shelter in times of 
disasters. The respondent specifically mentioned: “I built a home in Champahati in case there are 
sudden environmental hazards, and the Sundarbans is no longer fit for survival, but we are not 
going to stay there forever.” 
 For others, better education for children and better medical facilities in the cities were 
reasons they had invested in properties outside the Sundarbans. Apart from Rangabelia, one 
resident belonged to the village of Hetalbari, and one resident belonged to Dakshin Radhanagar 
village. Among these residents, two households had businesses within the Sundarbans, and one 
was a commercial farmer with 50 bighas (1 hectare = 6 bigha) of agricultural land, three 
households had a salaried income source, and one household was a small-scale subsistence farmer 
whose major income source was remittances.  
 Differences between the Group 1 residents not willing to permanently migrate and 
the Group 2 residents willing to migrate. 
Crop production, percentage of agricultural labor, business holders, households who lost 
income due to salinization and erosion, and the percentage of respondents who perceived rise in 
the level of water during high tides and storm surges and who were aware of climate change, were 
statistically different between the two groups of respondents. For the residents in Group 1, per 
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head productive agricultural land was 0.43 bigha/head (1 hectare =6 bigha). On the other hand, it 
was only 0.13 bigha/head from the residents of Group 2. This was because only 33% of the 
respondents of this group have productive agricultural land, and 67% of the respondents’ lands 
were either saline or lost due to erosion. This was the reason why more respondents from Group 2 
also reported loss of livelihood due to erosion and salinization compared to the respondents of 
Group 1.   
Our results are consistent with the studies that explored rate of erosion on the island of 
Mousini where Bagdanga is located (Hazra et.al, 2018; Chatterjee et.al., 2015). This island is 
affected by erosion and salinization of land and residents have lost farmlands over the years. 
Moreover, two out of five households from Rangabelia in Group 2 also reported loss due to erosion 
and salinization of land.  This could also explain why there is a higher percentage of respondents 
from Group 2 who perceived a rise in the level of water during storm surge. For the variable, 
‘climate change awareness’, 55% of the respondents in Group 2 were aware of climate change 
versus 29% in Group 1. Even though the sample size of Group 2 was small (n=26), three out of 
five respondents from Rangabelia village were aware of climate change. This was mostly due to 
the efforts of a Non-Governmental Organization called The Tagore Society for Rural Development 
in the village of Rangabelia. This organization has been working to spread climate change 
awareness among the villagers, mostly in Rangabelia.  
Even for the households in Group 1, 77% of the respondents from Rangabelia were aware 
of climate change as opposed to 20% of the households in Lakshmipur and Bagdanga, 22% of the 
households in Madanganj, 11% of the households in Dakshin Chandanpiri, 44% of the households 
in Bagbagan, 51% of the households in Hetalbari, 33% of the households in Dakshin Radhanagar, 
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and only 8% of the residents in Sudhangshupur. No residents in the village of Narayanganj were 
aware of climate change. 
Table 5-4 Demographic, socio-economic characteristics, and environmental perception of 
respondents from Groups 1 and 2 
1p-value of statistical significance was calculated with Mann-Whitney-Wilcoxon (MWW) Test. 
2p-value of statistical significance was calculated with Fischer’s exact test. 
 
 Conclusion 
This study aimed to identify adaptation strategies used by the residents of the Indian 
Sundarbans in response to the impacts of environmental problems and changes. The residents of 













Household Size People / household 5.9 4.4 >0.051 
Landholding  Hectares / person 0.06 0.02 <0.051 
Age Years 44.1 44.4 >0.051 
Gender Ratio Female: Male  18:82 24:76 >0.052 
Education Years 7.2 6.6 >0.051 
Households (%) earning their income from 
Agricultural daily labor 1= Yes, 0= No 68% 52% <0.052 
Non-agricultural business 
holders 
1= Yes, 0= No 22% 13% <0.052 
Salaried employees and quacks 1= Yes, 0= No 9% 11% >0.052 
Commercial fisheries 1= Yes, 0= No 13% 0% >0.052 
Households (%) that suffered income loss due to 
Income Loss Erosion = Yes, 0= No mention 16% 28% <0.052 
Income loss Salinization 1= Yes, 0= No mention 56% 76% <0.052 
Households (%) that perceived 
Environmental Risk  0-4 (no to extreme) 2.7 3.1 >0.051 
Change in Environmental risk 
1= Increase; 2= 
Decrease, 3=No Change, 
0 = No Risk 
1.7 1.2 >0.051 
Effects of sea level rise  1= Yes, 0= No 85% 95% <0.052 
climate change 1= Yes, 0= No 29% 55% <0.052 
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vulnerabilities at the source. Temporary labor migration was one of the most important ways 
residents adapted to or coped with both slow onset and rapid onset hazards. Labor migration was 
pursued as a reactive response after a hazard induced economic loss, as well as a concurrent 
adaptation and alternative livelihood strategy by families affected by erosion that suffered 
irrecoverable economic losses in-situ. Labor migration was also pursued as a livelihood 
diversification strategy to secure the present needs of households and to prepare them for future 
hazard related economic losses. As an attempt to diversify livelihoods, either one family member 
pursued labor migration full time while the others worked in-situ, or members worked part time 
as labor migrants for a few months of a year and spent the rest of the year working in-situ.  
It was noted that the households which permanently lost assets and property due to erosion 
did not relocate from the Sundarbans as was suggested in some of the previous studies from 
Bangladesh (Joardar and Miller, 2013). They instead adopted labor migration full time and 
supported their families in the existing places with remittances from outside. Remittances were 
primarily used in household food consumptions, building more resilient homes, and for small 
investments in less climate sensitive local businesses.  
While temporary migration was widely practiced, most of the residents did not prefer 
permanent household relocation as an effective adaptation strategy and were not willing to relocate 
despite environmental risks. This was because of poverty and lack of resources to migrate with 
their families, lack of proper wages to sustain families in the cities, place attachments, community 
obligations, and cultural differences between the Sundarbans and the possible destinations. 
However, households that faced extreme erosion and feared island inundation conveyed their wish 
to relocate if the government provided them with places to stay and jobs. These households, 
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however, had no plans in case they faced island inundation in the future other than to simply follow 
their neighbors and relying on the government’s decision to provide them land.  
Residents’ reluctance to relocation does not however imply that there is no chance of future 
mass migration from the Indian Sundarbans. There are already instances of population 
displacement from the island of Lohachara and in the next 50 to 100 years as the impacts of climate 
change intensify there will be no other option than population relocation from these islands. Our 
findings rather call for more research to identify the islands which are at an imminent risk of 
inundation and the communities that need immediate relocation rather than generalizing the ‘mass 
migration’ scenario for the entire Sundarbans. Such generalizations about extreme situations might 
create public awareness and draw media attention towards this issue but will be detrimental 
towards the risk mitigation efforts for the concerned population.  Our results also suggest that 
while planning for population relocation, the government must consider the socio-cultural and 
psychological factors of the residents, create more awareness about the future impacts of climate 
change, shift them to the places where they may safely practice their present livelihoods or arrange 
alternative livelihoods for the communities in the destinations and also provide assistance to help 
them shift their livelihoods. In the places that are not at an imminent risk of inundation, in-situ 
adaptation practices must be explored.    
The findings also call for the government of India to provide attention to its labor migrants. 
India at present has faulty labor laws that fail to provide protection to the huge number of internal 
migrants who cross state borders (Gupta et al., 2021). A huge number of the interstate migrant 
workers are unregistered, engage in unauthorized sectors, and are regularly exploited by the 
employers (Tiwari et al., 2012). With the intensified effects of climate change, frequent disasters, 
the rate of labor migration from these poverty-stricken vulnerable environments is likely to 
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increase. India must therefore devise comprehensive action plans for labor migrants that addresses 
their working conditions, the prevention of exploitations at the destination, and provisions for 
social protections that are currently lacking.   
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Chapter 6 - Reasons and determinants of circular (labor) migration 
in the Indian Sundarbans 
 Introduction 
Circular migration for work is a commonly practiced adaptation strategy against 
environmental change especially among the smallholder communities in the developing parts of 
the world (Wrathall et al., 2014; Foresight, 2011). Such migration generates remittances that 
reduce household economic vulnerability and increases adaptation capacity against environmental 
change (McLeman and Smit, 2006). This may be pursued as a reactive response to economic losses 
after a sudden onset disaster or as a livelihood diversification strategy for household economic 
security and to cope with the economic impacts of diminishing natural resources due to slow onset 
hazards such as sea level rise or drought (Afifi, 2011; Penning Rowsell et al., 2013).  However, 
the environment may not be the sole determinant of such migration.  Human migration involves a 
complex relationship among various socio-economic, demographic, and political factors and 
environmental problems may catalyze the process of migration by worsening the pre-existing 
economic conditions. For instance, labor migration following a rapid onset hazard may be 
determined by factors such as prevailing poverty, poor infrastructure, government negligence 
towards effective adaptation practices, while the disaster may serve as the immediate cause 
(Wrathall, 2012). Similarly, sustained circular migration from places challenged by slow onset 
environmental change, may also be determined by factors such as poverty, differences in wage 
between the source and the destination areas, the nature of household economy, possession of land, 
households’ demographic factors such as size of households, and age of the members, social 
connections at the destinations, perception of relative deprivation and economic and environmental 
risk perception at the source ( Bernzen et al., 2019; Massey et al., 1993; Van Wey, 2005; Clark, 
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2020; Mahinchai, 2010; Garip, 2008; Deshingkar, 2008). Environmental change and extreme 
events may trigger migration by negatively influencing some of these factors while the other 
factors might independently influence the decisions to migrate for work.  
While past studies have generalized the factors of labor migration from environmentally 
challenged places, the extent to which each of these factors play a role in inducing labor migration 
from vulnerable environments is still poorly understood (Bernzen et al., 2019; Black, 2011; 
Foresight, 2011; McLeman and Smit, 2006). Our study was conducted in the Indian Sundarban 
delta where labor migration has been documented as an adaptation to environmental changes and 
problems (Maharajan, 2020). The objective of our study is to understand the reasons why 
vulnerable residents pursue labor migration as an adaptive response and evaluate the socio-
economic and environmental variables to analyze their relative importance as determinants of such 
migration. In this study, we consider circular labor migration as a dependent variable whose value 
depends on several independent variables including environmental, economic, social, and 
perceptional parameters, and calculate statistically significant determinants of labor migration 
from the Indian Sundarbans. 
 Methods 
A questionnaire survey was conducted in the Indian Sundarbans among 300 households 
(See methodology, chapter 3). The respondents were asked if any member(s) from the respective 
household migrated for work in the last 10 years. Information was then collected about the size of 
the household, the household’s source(s) of income, if the household suffered economic losses in 
the last 10 years due to erosion, salinization of land, monsoonal delays, and tropical storms, and 
whether the respondent was aware of climate change and perceived sea level rise, environmental 
risks, and any changes in the environmental risks in the last 10 years. The respondents from the 
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households with migrants were then asked about the motivations and reasons behind pursuing 
labor migration. The respondents from the non-migrant households were asked why they did not 
pursue labor migration when so many other households from the Sundarbans did.  
 First, content analysis was done to group the residents based on their motivations to migrate 
or not migrate as mentioned by them during the survey. Second, summary statistics on the socio-
economic and environmental variables of the migrants and the non-migrant households were 
conducted and the differences of these variables between the migrant and non-migrant households 
were determined using statistical non-parametric tests as the distribution of these variables were 
not found to be linear (Table 6-1). For determining differences pertaining to the continuous 
variables, the Mann Whitney Wilcoxon (MWW) test was conducted, and for the categorical 
variables Fisher’s exact test was used (See coding Table 6-1). The MWW test is a non-parametric 
test used to decide whether the two samples are derived from the same population and compare 
the differences between two independent groups in a sample with continuous or ordinal data 
(Nacher, 2008). A Fisher’s exact test, on the other hand, is used to compare two variables with 
non-random categorical values generally using 2 by 2 contingency tables (Hess and Hess, 2017).  
Third, logistic regression models were used to identify the determinants of migration based 
on a household’s economic and environmental variables. Before conducting the logistic regression 
model, the variables were tested for multi-collinearity using correlation coefficient analysis. No 
strong collinearity was found among the variables (Table Appendix C-5). In this study, migration 
was considered a household decision (Massey et al., 1993). Therefore, the variables pertaining 
only to the households (not individuals) were considered for the analysis.  
Two logistic regression models were used in the analysis. The objective of the first model 
(Table 6-3) was to determine the relative importance of the socio-economic and environmental 
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factors of labor migration. The predictor variables used in the first model are as follows. 1) Size 
of household. 2) Per-head ownership of productive agricultural land (per head ownership was 
considered because 100% of the farmers practiced sustainable farming and primarily grew crops 
for household consumption; excess crops, if any were sold in the market. 3) Households that 
practiced daily agricultural labor work. 4) Non-agricultural business owners. 5) Households with 
salaried incomes and quacks. 5) Commercial fishermen. 6) Number of income sources per 
household. 7) Loss of livelihood due to erosion. 8) Loss of livelihood due to salinization of land. 
9) Loss of livelihood due to rainfall variability. 10) Loss of livelihood due to tropical storms. 11) 
Availability of migration information. 12) Environmental risk perception. 13) Perception of 
change in environmental risk. 14) Perception of sea level rise. 
Past studies highlighted that migration may be more common among people dependent on 
subsistence economies in smallholder communities in these environmentally fragile areas (Radel 
et al., 2019). In the Indian Sundarbans, most households depend on subsistence rice cultivation. 
Therefore, we used a second logistic regression model (Table 6-4) to understand whether reliance 
on small scale subsistence farming has a significant impact on labor migration from the Indian 
Sundarbans. For this model, the households that did not pursue any economy other than agriculture 
were coded 1 (Table 6-1). The agricultural households constituted the ones that owned or had taken 
cultivable agricultural lands on lease during the time of the survey and the households that pursued 
daily labor.  
It should be mentioned here that in the Indian Sundarbans, the households that pursued 
daily labor work did not restrict themselves to agricultural labor alone (off-farm). They also 
engaged in small scale, temporary, non-agricultural daily labor work like digging ponds, and 
embankment repairs whenever such works were available (non-farm). However, given the 
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structure of the economy, all the households largely participated in agricultural labor work in other 
household fields within the Sundarbans. This is the most unstable form of economy as their daily 
income depends on whether any such work is available. During the survey, these households 
mentioned rarely getting paid as promised, occasionally even being unpaid for days.  For the 
logistic regression model 2 (Table 6-3), if a household pursued any other economic activity other 
than agriculture or daily labor, such as business, government service or fishing, they were coded 
0. The other predictor variables were the same as those used in model 1.  
This study considered only the temporary circular migrants who migrated for work and 
returned to the Sundarbans after completion of work. In the study area, 18 households reported 
migration that required someone from the household to stay in their workplace. They were mostly 
teachers in government and government sponsored schools (15) and those serving in the Indian 
Army (3 households). These were neither considered circular migrant households nor non-migrant 
households. Therefore, 282 out of the 300 households were considered for this analysis. 
Dependent variables 
Migration and Non-Migration: Any household that had at least one adult circular migrant 
member was considered a migrant household. The households with no such migrant members were 
considered non-migrant households. As migration was considered a household decision in this 
study, households with more than one migrant were not separately analyzed. A total number of 
173 households (58%) had at least one member who temporarily migrated for work outside the 
Sundarbans in the last 10 years. Out of these households, 64% were in the Gosaba CD Block and 
36% belonged to the Namkhana CD Block. In the Gosaba CD Block, the village of Dakshin 
Radhanagar had the greatest proportion of migrant households to total households (79%), and 
Rangabelia had the least proportion of such migrant households (54%). In the Namkhana CD 
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block, the village of Bagdanga (76%) and Lakshmipur (20%) had the most and the least proportion 
of migrants to the total number of households. On the other hand, a total number of 109 households 
earned their living by working within the Sundarbans and never had any member who migrated in 
the last 10 years. (Figure 6.1). Of these households, 45% and 54% belonged to the Gosaba and 
Namkhana CD Blocks, respectively. In the Gosaba CD Block, the village of Hetalbari (43%) and 
Sudhangshupur (21%), and in Namkhana CD Block, the villages of Lakshmipur (80%) and 
Bagdanga (21%), had the greatest and the least proportion of non-migrant households to the total 
number of households in these villages, respectively.  
 
Figure 6-1 Percentage of migrants and non-migrant households to the total number households in   
each village 
Predictor Variables  
Size of the households: The average size of a migrant household in the study area was six 
persons per household, with a minimum of two persons per household in Dakshin Chandanpiri and 


































































































household was four persons with a minimum size of three in Rangabelia and the maximum size of 
six persons in Bagbagan. The difference in the mean of the household size was found statistically 
significant between the migrant and the non-migrant households in the study area.  
Amount of cultivable landholding: As the households in the Indian Sundarbans grow food 
crops primarily for household consumption, the size of productive landholdings for each land 
owing household (per bigha) was divided by the number of family members in the households. 
The resultant size of landholdings per head per household was 0.07 and 0.09 hectare/household on 
average among the migrants and the non-migrant households, respectively. This difference was 
however not statistically significant (p >0.05). Among the migrants, the households of Dakshin 
Radhanagar (1.4 bigha/head) and Lakshmipur (0.13 bigha/head) had the maximum and minimum 
amount of per head productive land. Among the non-migrants, the households of Rangabelia (1.35 
bigha/head) and Lakshmipur (0.16 bigha/head) had the maximum and minimum amounts of per 
head productive agricultural land, respectively. For both the migrants and the non-migrant 
categories, the households in Gosaba Block (migrants 1.5 bigha/head, non-migrants 0.79 
bigha/head) had more per head productive agricultural land compared to the households in 
Namkhana block (0.44 bigha/head, non-migrants 0.56 bigha/head).  
Agriculture as the only source of in-situ income: In the entire study area, 64% (n=183) of 
the households relied only on agriculture or daily agricultural labor work. Among them 72% were 
migrant households. In the Namkhana CD Block no migrant household belonged to this category 
in Lakshmipur, but in the erosion-affected village of Bagdanga, 64% of the households that relied 
on agriculture for survival were households with migrants. Among the villages of the Gosaba CD 
Block, migration took place from all such agricultural households in Sudhangshupur. In the 
Gosaba CD block all the households that relied on agriculture or agricultural labor for survival 
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were households with migrants. In this block, the village of Hetalbari had the minimum number 
of migrants belonging to this economic category. A statistical difference of mean between the 
migrants and non-migrant households were found for this variable for the entire study area. This 
variable is used in Model 2 as one of the economic variables to test whether having agriculture as 
the only source of income in places like the Sundarbans influences migration.  
Other sources of income: The sources of incomes were further categorized into four 
different groups. The first group was ‘daily unskilled laborers.’ The second group was ‘commercial 
fisheries.’ The households that owned an inland fish or shrimp farm for commercial use and the 
ones that pursued deep sea fishing were included in this group. The third group was ‘local 
businesses’ consisting of households with small businesses in-situ including those who owned 
local public transport vehicles (engine vans). The fourth group was the ‘salaried households and 
quacks.’ These were the schoolteachers, government workers and nurses who had a secure source 
of income. The quacks were also included in this group because during the survey they mentioned 
that they had income stability, and like the salaried households their incomes were not impacted 
by environmental problems.  
Daily laborers: Households with migrants pursued in-situ daily labor activities more 
frequently than non-migrant households. While 73% of the migrant households had at least one 
person who worked as a daily laborer in the Sundarbans, only 42% of the non-migrant households 
pursued this economic activity. In the Namkhana CD Block, among the families with migrants, 
Dakshin Chandanpiri had the maximum proportion of such households (82%), and Madanganj had 
the least proportion (42%) among the non-migrant households. However, Bagdanga, Narayanganj 
(88%) and Dakshin Chandanpiri, Madanganj (33%) had the greatest and the least proportion of 
such households. In the Gosaba CD Block, Sudhanshupur (79%) and Bagbagan (47%) had the 
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largest and the least proportion of households that pursued daily labor work, and among the non-
migrant households, 63% and 18% of households from Dakshin Radhanagar and Rangabelia 
pursued this economy. 
In-situ small businesses: Small local businesses were owned by 22% of the migrant 
households and 27% of the non-migrant households, and there was a statistical difference of mean 
between the migrants and non-migrant households for this variable. In the Namkhana CD block 
the village of Narayanganj (40%) had the maximum number of business households and 
Madanganj had so such households. In Gosaba the maximum and minimum proportion of migrant 
households with businesses were Rangabelia (40%) and Hetalbari (18%). Among the non-migrant 
households, the maximum and minimum from Namkhana CD Block were Bagdanga (38%) and 
Narayanganj (13%), respectively, and from Gosaba Block, Bagbagan (54%) and Dakshin 
Radhanagar (21%), respectively. 
Commercial Fisheries: Inland commercial fisheries were owned by 18% of the migrant 
households, including 41% of the households in Madanganj. No migrant household from 
Bagdanga, Narayanganj, Rangabelia and Dakshin Radhanagar owned fisheries. For the non-
migrant households, 13% either had inland commercial fisheries or practiced deep sea fishing. In 
Lakshmipur, 63% households practiced deep sea fishing. Households from Bagbagan, Rangabelia, 
Sudhangshupur, and Dakshin Radhanagar villages neither owned a commercial fishery nor 
pursued deep sea fishing.   
Salaried sources and quacks: For the salaried households and quacks, 13% of the 
households from non-migrant group and only one household from the migrant group had a salaried 
employment. 
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Households with more than 1 income source: Several households had more than one 
income source. Among the migrant group, 28% of the households had more than one income 
source, and 4% of the households had no income source within their respective villages. Among 
the non-migrant group, 57.79% of the households had more than one income sources.  
Loss of livelihood due to erosion, salinization of land, rainfall variability and storms: 
Seventeen percent of the migrant households reported a loss of livelihood due to riverbank or 
coastal erosion, with the maximum of 75% households from Bagdanga Village. For the non-
migrant group, only 13% households reported major economic loss due to riverbank or coastal 
erosion. Among them, 38% of the households belonged to Narayanganj and Bagdanga. No 
households from Dakshin Chandanpiri, Madanganj, Bagbagan, Hetalbari and Sudhangshupur 
reported a major loss of livelihood due to bank erosion in the last 10 years. Loss of livelihood due 
to salinization of agricultural lands was more universal in the study area. For the migrant 
households, 59% reported loss of livelihood due to salinization of land with 100% households 
from Bagdanga and Narayanganj and a minimum of 30% in Dakshin Chandanpiri, Madanganj, 
Hetalbari and Dakshin Radhanagar. For the non-migrant households, 58% reported loss of 
livelihood due to salinization with a maximum of 88% from Hetalbari and minimum of 28% from 
Lakshmipur.  
For loss of livelihood due to monsoonal variability, 50% of migrant households suffered a 
loss, with a minimum of 4% in Bagdanga and a maximum of 82% in Sudhangshupur. For the non-
migrants, 86% of the households suffered loss of livelihood due to monsoonal variability with a 
maximum of 86% in Bagbagan. No households in Lakshmipur mentioned loss of livelihood due 
to monsoonal variability. On the other hand, 94% of the migrants and non-migrant households 
mentioned loss of livelihood due to tropical storms in the last 10 years. Among these variables 
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only the differences of economic losses suffered due to erosion between the migrant and non-
migrant households were found statistically significant.  
Perception of environmental risk within the Sundarbans: Environmental risk perception 
varied geographically. Among the migrant group, environmental risk perception was 2.73 on a 
Likert scale of 0 to 4 (where 0 indicated no risk and 4 indicated extreme risk) indicating an overall 
high risk. While 100% of the households (both migrants and non-migrants) in Bagdanga perceived 
an extreme environmental risk due to erosion and related salinization, both migrant and non-
migrant households of Dakshin Chandanpiri and Madanganj perceived a low environmental risk 
in their villages and nearby environs. It was observed that resident perception of environmental 
risk largely depended on tropical cyclones, salinization, and erosion.  Residents also perceived a 
change in environmental risk in the last 10 years. Among the migrant households, 49% perceived 
an increase in environmental risk, 23% perceived a decrease in environmental risk and 28% 
perceived no change in environmental risk over the years. Among the non-migrant households 
45%, 28% and 23% (locations?) perceived an increase, decrease and no change in environmental 
in the last decade.  
For sea level rise perception, the residents were asked if they perceived a rise in the level 
of water during storm and tidal surges over time. To this, all the migrant households in 
Lakshmipur, Bagdanga and 70% households in Madanganj mentioned that they perceived an 
increase in the level of water during meteorological events. Among the non-migrant households, 
100% from Bagdanga and Lakshmipur, and 53% from Madanganj perceived sea level rise.  
Availability of migration information: 100% of the respondent households had access to 
information regarding labor migration, such as possible destination, wages and required period of 
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stay; this information was provided by middlemen who frequently visited their villages is search 










































































































   






   
  
   
 
   






















































































   
  
 


















































   
 
















Figure 6-2 Distribution of the predictor variables 
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Table 6-1 Coding and distribution of predictor variables 
1p-value of statistical significance was calculated with Mann-Whitney-Wilcoxon (MWW) Test. 
2p-value of statistical significance was calculated with Fischer’s exact test. 
 
 Reasons and determinants of temporary labor migration 
Table 6-2 provides the reasons for migration and non-migration as mentioned by the 
migrant and the non-migrant households. In general, circular migration was practiced avoiding 
poverty and starvation that resulted from an overall lack of economic development, lack of work 
within the Sundarbans and surrounding places, lower wages in the Sundarbans, surplus labor 
compared to the available work in the Sundarbans and loss of livelihoods due to natural hazards 





At least 1 migrant (=1) 
No migrants (=0) 
173 109 NA 
Independent variables 
Family size People per household 5 4 <0.051 
Landholding bigha / person 0.5 0.07 >0.051 
Environmental Risk 
Perception 
0-4 (no to extreme) 2.7 2.3 >0.051 
Change in 
Environmental risk 
1= Increase; 2= Decrease, 
3=No Change, 0 = No Risk 
1.8 1.8 >0.051 
Daily labor 
1= Yes, 0= No 
% Households 
73 46 <0.052 
Non-agricultural 
business holders 
1= Yes, 0= No 
% Households 
22 27 >0.052 
Salaried employees 
and quacks 
1= Yes, 0= No 
% Households 
- 13 NA 
Commercial 
fishermen 
1= Yes, 0= No 
% Households 
18 13 >0.052 
Only agriculture 
1= Yes, 0= No 
% Households 
72 28 <0.051 
Income Loss 
Erosion 
1 = Yes, 0= No mention 
% Households 
17 13 <0.052 
Income loss 
Salinization 
1= Yes, 0= No mention 
% Households 
59 58 >0.052 
Sea Level Rise 
Perception 
1= Yes, 0= No 
% Households 
83 89 <0.052 
Availability of 
migration information 
1= Yes, 0= No 
% Households 
100 100 - 
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and disasters. Ineffective social welfare and rural employment schemes, dependence on dwindling 
natural resources, contraction of secure forms of employment and expansion of marginal and less 
secure work has also contributed to unemployment and poverty among the households in the 
Indian Sundarbans (Molinari, 2017). This resulted in a growing economic vulnerability that is 
further exacerbated by environmental changes and problems as these compromised the vital 
natural resources required for survival.  
Availability of employment in the cities, on the other hand, ensured a flow of money and 
helped reduce household poverty (Methmann & Oels, 2015; Black, 2011; Foresight, 2011; 
Deshingkar, et al., 2008; Tacoli, 2009; McLeman and Smit 2006). During the survey, residents 
also indicated that after the Cyclone Aila in 2009, when many people started going outside for 
work, networking developed with the employers at the destination that later promoted more moves. 
Employers could now contact them via mobile phones or with the help of middlemen who are 
aware of the huge number of potential migrants in the Indian Sundarbans. These middlemen often 
visited the villages with employment related information. Moreover, young men, seeing their 
friends and acquaintances from their communities migrating, were motivated to follow their 
example. During the survey, several participants indicated that friends and neighbors migrated 
together to same destinations and stayed together to avoid travel related risks and to reduce the 
cost of staying in the cities. Past research on labor migration identified the role of social networks 
as facilitating factors (Haug, 2008; Gurak and Caces, 1992; Massey et al., 1987). In the Indian 
Sundarbans, both informal networking among friends and neighbors and formal networking with 
the middlemen and employers served as facilitating factors of migration.   
Among the non-migrant households, 23% had a secure income source and said that they 
did not need to migrate elsewhere for work, but respondents from 36% of the non-migrant 
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households said that even though they faced difficult economic conditions, the income generated 
from the Sundarbans served their survival requirements. One of the respondents from a non-
migrant household mentioned: 
“The people of the Sundarbans do not require a lot of money to survive. Each household 
with agricultural land has a store of a minimum of six months of rice. We grow vegetables 
for consumption in our backyards and can earn enough by working here and there. People 
migrate because they want to improve their economic conditions but not for survival. We 
have enough to survive.”  
 However, 13 respondents mentioned that they could not migrate due to family 
compulsions; they will need to migrate in the future to cope with household poverty. During the 
interview with both the migrant and the non-migrant households, the phrase “we somehow survive 
with the money we can earn” was mentioned by many respondents when talking about their 
economic struggles. 
Table 6-2 Reasons behind circular labor migration and non-migration 
Reasons of labor migration as mentioned by the residents 
Number of 
Households 
Random economic loss (agricultural) due to rapid onset disasters, salinization, 
and variability of monsoon/less profit due to random environmental hazards 
75 
General lack of work in the Sundarbans/less income in-situation/more income 
outside/growing labor force in the Sundarbans/no work after each harvest/no 
land/avoid poverty/starvation/growing families and needs 
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Reasons for not migrating for labor work as mentioned by the residents 
Number of 
Households 
Secured employment in the Sundarbans 26 
Still able to manage households with the incomes generated from the 
Sundarbans 
70 




Table 6-3 Logistic Regression Model 1 
















Intercept -2.052 0.960 -2.136 0.032* 
Household Size 0.241 0.085 2.824 0.004** 
Landholding per head -0.029 0.095 -0.312 0.755 
Income sources per household 0.293 0.252 1.162 0.245 
Households (%) earning their income from  
Agricultural daily labor -0.094 0.315 -0.299 0.765 
Non-agricultural business holders -0.968 0.361 -2.676 0.007** 
Salaried employees and quacks -4.229 1.110 -3.81 0.000**** 
Commercial fisheries -1.315 0.494 -2.661 0.007** 
Households (%) that suffered income loss due to 
Erosion 1.039 0.488 2.128 0.033* 
Salinity intrusion and soil salinization -0.373 0.332 -1.121 0.262 
Rainfall variability 0.404 0.305 1.325 0.185 
Severe storms (Aila in 2009) 0.745 0.540 1.379 0.167 
Households (%) that perceived  
Environmental risk 0.147 0.138 1.066 0.286 
Change in environmental risk 0.213 0.185 1.152 0.240 
Effects of sea level rise -0.024 0.396 -0.062 0.950 
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Table 6-4 Logistic Regression table with 'agricultural population' as control variable Model 2 
* Indicates p < 0.05; ** indicates p < 0.01; **** indicates p < 0.0001. 
 
The results of logistic regression model 1 revealed that the variables ‘in-situ non-farm 
income sources’, ‘household size’, and ‘economic losses due to erosion’ were important 
determinants of labor migration among the households in the Indian Sundarbans. Model 1 (Table 
6-3) results suggested that with every unit increase in the number of households with salaried 
employment, non-farm businesses and commercial fisheries, the log odds of labor migration 
decreased by 4.2, 1.3 and 0.96, respectively. In contrast, with increase in the number of households 
with solely agricultural-based income including the daily laborers, the log odds of labor migration 
increased by 1.5 (Model 2, Table 6-4).  
This suggests that the revenue generated from agriculture or by working as in-situ daily 
laborers within the Sundarbans was not enough to run these households and it was necessary to 
diversify their livelihoods by pursuing non-farm and stable economies to survive. Such practices 




z value Pr(>|z|) 
Intercept 1.920 0.898 -2.145 0.0319 
Household Size 0.212 0.076 2.776 0.005** 
Landholding per head 0.022 0.094 -0.233 0.815 
Numbers of Incomes 0.163 0.225 0.725 0.468 
Households (%) earning their income from 
Only agriculture 1.510 0.298 -5.061 0.000**** 
Non-agriculture N/A N/A N/A N/A 
Households (%) that suffered income loss due to 
Erosion 0.801 0.457 1.754 0.079 
Salinity intrusion and soil salinization 0.110 0.314 -0.352 0.724 
Rainfall variability 0.301 0.291 1.034 0.301 
Severe storms (Aila in 2009) 0.789 0.513 1.538 0.124 
Households (%) that perceived 
Environmental risk 0.172 0.131 1.314 0.188 
Change in environmental risk 0.259 0.180 1.44 0.149 
Effects of sea level rise 0.156 0.387 -0.403 0.686 
120 
benefits (Ellis, 1988). In case residents failed to find viable livelihood diversification options in 
place, they migrated.  
Agriculture in the Sundarbans is primarily practiced for household consumption and any 
surplus is sold. With limited cropping area, huge population density and fragmented croplands, 
yield is low (Ghosh et al., 2019; Das et al., 2015). Yield is further reduced due to environmental 
problems like erosion, salinization of lands, rainfall delays and cyclones (Hazra et al., 2018). In 
the villages of Gosaba Block, 84 households pursued agriculture as their only income source. All 
these households reported economic losses due to environmental problems of which 92% migrated 
for work. Even in the villages of Dakshin Chandanpiri and Madanganj where erosion and 
salinization were not reported as major environmental problems, 72% of the respondents who 
migrated had agriculture as their only income source.  
On the other hand, non-farm income sources like government jobs and businesses 
generated more money compared to subsistence agriculture, and these economies are less climate 
sensitive. Therefore, the households with non-farm income sources had a lesser probability of 
migration. This probability was least among the households that had a fixed monthly income, e.g., 
schoolteachers, government officials or the quack physicians who were well established in their 
practices. Only one household that had a government job belonged to the ‘migrant category,’ but 
this migration took place before the migrant’s son got a job in the local government office.  
Businesses also provided a more secure income compared to subsistence agriculture. The 
business owners mentioned that they too faced economic losses, mostly after cyclones or crop 
failures due to salinity intrusion or monsoonal delays; at such times, the economies of the entire 
village community are affected. Sixty-eight percent of the business-owning households also owned 
agricultural lands and all of them reported economic losses due to environmental problems. 
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Among these households, 52% belonged to the migrant category and migrated for an additional 
income that was required for their survival. The others who did not migrate mentioned that they 
could generate enough income from their businesses and agricultural lands (if any) to sustain them 
in the Sundarbans. During times of economic stress, they survived on savings till their businesses 
revived.  
Commercial fishing lowers the odds of migration; 70% of households that practice deep 
sea fishing did not migrate for labor work anywhere outside the Sundarbans as income generated 
from fishing was enough for their survival. However, the households with inland fish farms 
reported economic losses due to environmental problems and five of these households pursued 
temporary labor migration as a reactive adaptation after they suffered huge economic losses during 
the Cyclone Aila in 2009. 
Among the variables pertaining to environmental risk perceptions, i.e., perception of sea 
level rise, environmental risk perception, and perception of changes in environmental risk, were 
also not found to be statistically significant determinants of migration.  Economic loss due to 
erosion was the only environmental variable that was classified as a determinant of migration as 
one unit increase in erosion increased log odds of labor migration by 1.04 (Model 1) (but economic 
Figure 6-3 The determinants of circular labor migration in the Indian Sundarbans 
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losses due to erosion was not found a statistically significant determinant of migration as per Model 
2).  
This determinant was particularly relevant in the erosion-affected village of Bagdanga 
where 73% of the households pursued labor migration and survived on remittances as their lands 
were permanently lost due to erosion or suffered a permanent loss of productivity due to 
continuous salinity intrusion. Erosion was also found to be one of the propelling factors of 
migration in a study in the coastal areas of Bangladesh (Bernzen et al., 2019). By comparison, in 
the village of Lakshmipur, while 80% of its residents reported an increase in coastal erosion, only 
20% of them reported economic losses due to these hazards. This is because some of them pursued 
deep sea fishing, an activity not impacted by erosion in the village. Additionally, they did not own 
any agricultural land during the time of the survey.  
It should be noted here that even though 56% of the households reported major economic 
loss due to salinization of land, this variable was not characterized as a determinant of migration 
according to the results of the logistic regression models 1 and 2. Chen and Muller (2019) reported 
an increase in the rates of internal migration during periods of salinity in Bangladesh, but according 
to our study, while a considerable number of people migrated to cope with salinization related 
economic losses, 36% households in the study area did not migrate even after being affected by 
major salinization, and there was no statistical difference of mean between the number of migrant  
and non-migrant households who suffered due to salinization.   
While erosion resulted in permanent loss of lands and destruction of assets, leaving no 
option other than migration, salinization due to embankment breaching or during cyclones resulted 
in a temporary loss of productivity of the agricultural lands (Joardar and Miller, 2013). After 
Cyclone Aila, vast parts of the study area were inundated with saline water. But according to the 
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respondents, these lands regained productivity approximately three years following the storm. The 
non-migrant households that suffered salinization of lands mentioned that during times of such 
economic loss, they managed to find some work within their villages or in the nearby villages until 
their lands regained productivity or the overall economy of their communities improved. Others 
however, migrated.  
Similar explanations can be provided for the variables such as ‘economic loss due to 
monsoonal delays’ and ‘economic loss due to tropical storms.’ These environmental hazards 
affected large parts of the Sundarbans but did not result in the permanent destruction of assets. 
Some of the households that suffered economic loss due to these problems managed to find work 
within the villages despite environmental stress. Others could not, indicating the influence of 
unequal access to resources on the decisions to migrate (Carr et al., 2008, Wrathall et al., 2014).  
The Sundarbans has limited resources that are unequally distributed among a population of 
4.5 million. These resources are frequently affected by different environmental problems. These 
environmental problems reduce agricultural yield and restrict access to natural resources (Radel et 
al., 2019). Moreover, the Indian Sundarbans do not have an established secondary or tertiary sector 
economy that may sustain the growing population (Molinari, 2017).  Therefore, while some people 
managed to find work that paid them enough to survive even during times of temporary 
environmental distress, others migrated to places with better wages, and remittances formed a part 
of their household income.   
However, when extensive parts of the villages or islands suffered permanent loss of 
agricultural lands due to erosion and related salinization, the chances of finding work in their 
villages declined and the proportion of migrant households increased. Both the logistic regression 
models (Table 6.3 and 6.4) indicate that the odds of migration increased with increased size of 
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households. While the relationship might seem straightforward in the sense that larger households 
require more resources to survive, without adequate information about household compositions 
any conclusion will be premature.  
 Conclusion 
This study identified and quantified the determinants of labor migration among households 
in Indian Sundarbans using household-level primary survey data, qualitative analysis, and a 
logistic regression modeling approach. The results revealed that residents migrated for work to 
avert poverty and starvation that largely results from dependence on subsistence farming and the 
lack of economic development in the area. Migration was facilitated by networking that eventually 
developed between the migrants and their employers and by middlemen who regularly visited 
these villages with work related information. Results also suggested that shifting from solely 
agricultural-based livelihoods to non-agricultural livelihoods significantly reduced the probability 
of labor migration among households of Indian Sundarbans. Among non-agricultural livelihoods, 
salaried employment was found to be the most effective determinant that acted against labor 
migration, followed by non-agricultural businesses, and commercial fisheries, respectively. We 
also investigated the role of erosion, salinity intrusion, rainfall variability and severe storms like 
cyclone Aila on labor migration and found that erosion was the only environmental factor that 
significantly determined a household’s probability of migrating for work; other environmental 
hazards may have motivated such moves. Erosion leads to a permanent loss of lands and assets 
among households with agricultural-based income, restricts other income opportunities in place 
by gradually affecting the overall economy of the community, thus leaving little or no option other 
than to migrate for a living.  
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Labor migration may seem one of the most viable adaptation options in the Sundarbans at 
present. Whether it should be promoted as an adaptation to climate change, however, should be 
reconsidered as it may leave behind vulnerable seniors and children, and will not be beneficial to 
the families that do not have a member fit enough to migrate. Labor migration also entails extreme 
hard work, and migrants may be subjected to exploitation at the destination. While migration is 
being pursued as one of the economic strategies to maintain the needs of families amid 
environmental risk, in the long term the residents of the Indian Sundarbans can benefit from robust 
in-situ adaptation options such as planned conversion of the permanently saline agricultural lands 
to commercial saline water fisheries, use of salinity tolerant rice varieties, and establishing non-
farm income sources. One additional option would be to develop vocational training for youth with 














Chapter 7 - Conclusions 
This study investigates the adaptation strategies and coping mechanisms used by the 
residents of the Indian Sundarbans to respond to the impacts of environmental changes and 
problems. It specifically focuses on the role of migration as an adaptation and uses resident 
perceptions of environmental problems to understand their types, intensities and impacts on 
household economies.  
A household-level primary survey was conducted in ten villages from western and eastern 
areas of the Indian Sundarbans. Survey results showed that the residents perceived riverbank 
erosion, salinity intrusion, monsoonal delays, and tropical cyclones as the major environmental 
problems that adversely affected their livelihood, and acknowledged the effects of sea level rise, 
rapid sedimentation in the rivers, global warming, and subsidence of the delta. To cope with the 
impacts of such environmental challenges, residents preferred several in-situ structural adaptation 
measures which included the strengthening of embankments, construction of storm shelters and 
raised platforms as a shelter during flooding. Households also used in-situ non-structural 
adaptation strategies and coping mechanisms such as borrowing money, taking out mortgages, 
acquiring government aid, using subsidized grains, and growing produce in small kitchen gardens.  
Circular labor migration was pursued by 58% of the surveyed households in the study area 
as an adaptation strategy mainly to reduce economic vulnerability. These households sent at least 
one member to work outside the Sundarbans to cities and used remittances for household 
consumption, rebuilding houses after a disaster, building stronger houses to survive future hazards, 
and setting up small in-situ non-farm businesses. Such migration was pursued as an adaptation 
strategy in different ways by different households depending on their socio-economic 
characteristics and the types and intensities of the environmental problems they faced.   
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It was found that circular migration could be used as a reactive response when pursued 
after a sudden onset hazard, as a livelihood diversification strategy, and as an alternative livelihood 
strategy mostly in the erosion affected areas where people have suffered permanent loss of 
livelihoods. When used for livelihood diversification, households could either rely partially on 
remittances while simultaneously actively working in the source area or rely completely on 
remittances besides subsistence farming at the source. Livelihood diversification through 
temporary migration could be practiced as a present survival mechanism or as an anticipatory 
adaptation measure to reduce household vulnerability from future natural hazards.  Landless 
households could also rely completely on remittances for survival. These migrants spent 
considerably more time away from their villages compared to the others. Lower wages in the 
Sundarbans, provision of continuous income from outside, a high chance of being economically 
affected by environmental problems, and permanent loss of livelihoods (agricultural lands) due to 
erosion were some of the reasons these households relied completely on remittances for survival.  
This study also evaluated the socio-economic and environmental determinants of circular 
migration. Households that solely relied on agriculture for survival had the greatest probability of 
such migration. This probability decreased as they shifted to non-agricultural income sources such 
as small businesses, salaried employments, or deep-sea fishing. Among the environmental factors, 
erosion was the only significant factor that determined a household’s probability of migration.  
These findings together highlight that circular labor migration was driven by several 
factors: reliance on subsistence economy; prevailing poverty and lack of secondary or tertiary 
sector activities at the source. Such migration was facilitated by the networking between migrants 
and employers that developed over time. 
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Environmental factors such as salinity, monsoonal delays or cyclones might have acted as 
catalysts of migration but their effects were not statistically significant as determinants of 
migration. These hazards mostly caused temporary disruptions to agriculture. While some people 
migrated after such disruptions, others survived by working odd jobs at the source until their land 
could be re-cropped.  Erosion however, resulted in permanent loss of land and was a dominant 
factor in migration from the places that experienced this natural hazard.  
While circular labor migration was used as an adaptation strategy and coping mechanism 
to reduce economic vulnerability caused by both environmental and non-environmental factors, 
permanent migration from the Sundarbans to less environmentally vulnerable places was not a 
preferred adaptation strategy. Even though residents perceived an environmental risk, it was not 
enough to initiate relocation and abandonment of their ancestral homes and communities. Poverty, 
lack of resources required to settle somewhere else, strong community and place attachments, 
cultural gaps with the possible destinations, and lack of income opportunities to sustain families 
at the destinations were the major reasons why people wanted to stay in the Sundarbans despite 
environmental risks.  
Moreover, the people of the Sundarbans have lived through environmental challenges and 
are adapted to extreme situations. For them poor infrastructure in the Sundarbans and lack of in-
situ employments were more pressing issues. They considered traffic congestion and frequent road 
accidents in the destination cities riskier than environmental challenges in the Sundarbans that they 
were used to.  However, the households that had lost their homes and assets due to erosion 
conveyed their wish to relocate if the government provided them with places to stay and jobs. 
These households however, had no plans for potential island inundation in the future other than to 
simply follow their neighbors and rely on the government’s decision to provide them lands.  
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To my knowledge this is the first systematic study of its kind in the Indian Sundarbans. 
Previous studies in other places revealed that migration could be used as an adaptation to reduce 
economic vulnerabilities in environmentally challenged places. This study contributed to the 
environmental migration and adaptation literature by highlighting the different ways migration 
could be used as an adaptation, how such adaptive responses varied with types of environmental 
problems such as salinization, tropical cyclones, erosion, and the relative importance of the 
economic and environmental factors in migration from the Indian Sundarbans.  
This study also shows that even though there are numerous speculations about mass 
migration due to the economic impacts of environmental change and island inundation, the 
residents in the Indian Sundarbans did not consider such migratory response as a viable option 
towards reduction of environmental or economic risks except in the places that experienced 
extreme erosion. This does not imply that future mass migration from the Indian Sundarbans 
may not happen. At present environmental risk might not pose a challenge big enough to induce 
permanent migration, but as the impacts of climate change are predicted to intensify over the 
next 50 to 100 years, without planned in-situ adaptation measures, the environment might pose a 
bigger risk to these communities, and residents may respond differently. Our research calls for 
identification of the islands that are at an imminent risk of inundation and developing and 
implementing plans towards respectfully relocating the affected population.  
The results of this research have important implications for the formulation of future 
policies regarding the reduction of climate change impacts in the Indian Sundarbans. One view is 
that circular migration from climate vulnerable places should be considered as an effective way 
to reduce climate vulnerabilities, but others have considered such migration as coercive and 
exploitative and doubted the “democratic and progressive” nature of policies facilitating such 
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migration. Bettini (2014) criticized the adaptive (climate) migration discourse on the grounds 
that it inadvertently implies that in order to be resilient to climate impacts, the poverty-stricken 
victims of climate change must be available to the needs of the neo-liberal market, must adapt to 
the policies of the market and are compelled to develop capacities as demanded by the market 
economy to be competitive enough to survive in the market.  Similarly, Felli and Castree (2012), 
suggest that the effective responses to climate change should be a societal responsibility and not 
require individual households to change their livelihoods or migrate from their native places 
except under extreme situations like island inundation. However, effects of positive mitigation 
measures to reduce greenhouse gas emissions on a global level would take decades to be felt in 
vulnerable places such as the Indian Sundarbans and with the intensified effects of climate 
change, frequent disasters, the rate of labor migration from these poverty-stricken vulnerable 
environments is likely to increase. An effective policy to facilitate temporary migration is 
needed, but this cannot be viewed as a solution to climate impacts. Such policies must be 
directed towards wellbeing and development of the migrant workers, ensure social security, fair 
working hours, healthcare benefits and prevent exploitation at the regions of destination.  
This study revealed that the probability of migration is highest among people who are 
solely dependent on agriculture and those who lost lands and assets due to erosion. To reduce the 
vulnerabilities faced by agricultural households in such environmentally challenged places, a 
shift towards in-situ less-climate sensitive non-farm livelihood should be prioritized. This may 
include community based alternative livelihood activities in the local food processing industries, 
household-scale textile industries, animal husbandry, and the expansion of commercial scale 
coconut plantations that is being pursued under the guidance of some non-governmental 
organizations such as MUKTI locally in small pockets of the Indian Sundarbans. In places 
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impacted by salinization, saline water fisheries can be lucrative. Extensive research on salinity 
tolerant rice varieties should be conducted and their use should be promoted among the farming 
communities. Micro-credit organizations should be strengthened so that households can use 
loans to set up in-situ businesses. Such ventures can however be feasible and profitable only if 
the government invests in infrastructure development such as the construction of roads and 
bridges connecting various blocks of the Sundarbans to the mainland. Ecosystem based 
protection efforts such as mangrove plantation along the coasts and riverbanks should also be 
undertaken after careful planning and research. The government and non-government bodies 
should also promote community-based climate awareness to educate the locals on the present 
and future environmental risks and formulate adaptation measures considering local knowledge 
and preferences. 
The government should also expand vocational training programs in the Sundarbans. 
Such programs may impart trainings of advanced agriculture and commercial fishing, business 
management, marketing, tourism, engineering, health care, and small-scale household industries, 
among many others. Through vocational training, the youth of the Indian Sundarbans could 
effectively join the skilled labor market in the urban and mainland areas. These adaptation 
measures will address the present environmental vulnerability and can empower the residents to 
decide whether to voluntarily relocate in future to environmentally safer places.  
In places that are at an imminent risk of inundation, the government must conduct 
planned relocation of the affected population to places where they could practice their present 
livelihoods without facing climate threats or practice alternative livelihoods. Relocation must be 
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Survey Questionnaire  
1. What is your age? 
2. How many years have you stayed in this village? 
3. Size of household? 
4. What is your source(s) of income? 
5. What is your annual/monthly income? 
6. Do you have agricultural land? If yes, how much? 
7. Do you grow crops? if yes, what crops? How many harvests a year? 
8. If no? Why not? 
9. Did you previously grow crop? If yes, why did you stop growing crop? 
10. Do you have a pond? Do you have a fishery? If yes, Commercial or for consumption? 
11. Do you face any environmental problem in the Sundarbans at present? (Original question). 
However, most of the residents failed to understand the nature of the problems and talked 
about roads and infrastructure. Later, this question had to be reframed.  
12. Reframed Question: Did you face environmental problems in the Sundarbans like erosion, 
salinity, flood etc.? what are the problems that you faced? 
13. Did you notice any change (increase/decrease/no change) in environmental hazards in the 
last 10 years in this village? Which problems/hazards? 
14. Did you face any economic loss due to the environment in the last 10 years?  Did you face 
loss due to erosion, salinity, flood, storms? Did you face loss due to any other problem? 
How much? How often do you face loss?  
15. [To this question, most of the residents only talked about the economic impacts of the last 
tropical storm Aila. Therefore, Question was asked: Did you face any economic loss in the 
last 10 years other than from Aila? 
16. What are your preferred responses towards mitigation of the economic impacts of hazards 
and disaster?  
17. If not already mentioned by the resident, are you a registered member of any micro-credit 
organization? Do you have a kitchen garden? Do you grow crops for consumption or 
commercially?  
18. Did you receive any assistance from the local government or any working NGO in this 
context? 
19. Did any of you migrate from this household in the last 10 years? If yes? How many 
residents?  
20. What was the migration for?  
21. How often do you migrate? 
22. What is /are place(s) of destination? 
23. What is the length of stay during each migration? 
24. What is the age, education, gender, and marital status of the migrants? 
25. Do you have any contacts at the destination? How do you decide whether to migrate and 
to where? 
26. Is migration (for you) an individual decision or household decision? 
27. What are the costs of migration?  






29. Why did you not choose to migrate when many other people in the Sundarbans did? 
30. In this situation of environmental degradation, stress, economic loss (if the resident talked 
about the environmental problems) Have you considered permanent relocation from the 
Sundarbans in future to any place with better environmental conditions? If yes, why? If 
not, why not?  
31. Do you think there is any environmental risk at present in the Sundarbans? If so, rate your 
risk – No risk Low Risk, Medium risk, High risk, Extreme risk. 
32. What kind of risk?  
33. Do you think there was environmental risk before? If yes, did the risk increase or decrease? 
34. Are you aware of Climate Change? If yes, where did you get information from? What 
according to you is Climate Change? 
35. Do you perceive, increase in the level of water in the rivers and in the ocean? 
36. Rate your attachment to the Sundarbans on a scale of 0-4, 0= No attachment, 4- High 
attachment. 
37. For the residents who mentioned erosion, - What would you do if you lose your home to 
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Supplementary Tables 
Table C-1 Household demographic, socio economic variables, environmental risk perception 
Variables 
Namkhana Block Gosaba Block 
V1 V2 V3 V4 V5 V6 V7 V8 V9 
V1
0 






















Households (%) earning their income from 
Agricultural daily labor 60 67 58 33 69 48 46 45 53 72 
Small businesses 30 12 20 15 15 35 25 31 18 23 
Government employment 0 3 13 15 0 16 7 14 3 3 
Commercial fisheries 70 0 24 15 8 0 7 8 0 0 
Households (%) that suffered income loss due to 
Erosion 20 64 0 0 46 19 7 0 7 5 
Salinity intrusion and soil 
salinization 
30 97 35  77 64 68 51 34 74 
Rainfall variability 10 12 62 40 23 61 50 51 68 85 
Severe storms (Aila in 2009) 90 97 89 100 54 94 89 100 89 97 
Households (%) that perceived 
Effects of climate change 20 15 11 22 0 71 46 51 34 8 
Effects of sea level rise 100 100 69 59 84 84 93 89 84 85 
V1-Lakshmipur; V2-Bagdanga; V3-Dakshin Chandanpiri; V4-Madanganj; V5-Narayanganj V6-
Rangabelia; V7-Bagbagan; V8-Hetalbari; V9-Dakshin Radhanagar; V10-Sudhangshupur. 
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Table C-2 Raw data for 300 households. 
Household properties include Family Size (A) and Landholding (B); Income sources include, Daily Labor (C), Small Businesses (D), 
Salaried (E) and Commercial Fisheries (F); Income loss due to, Erosion (G), Salinity Intrusion (H), Rainfall Variability (I) and Severe 
storms like Aila in 2009 (J); Households perceiving Environmental Risk (K), Change in Environmental Risk (L), Effects of Climate 
Change (M) and Effects of Sea Level Rise (N). 
Household 
No. 
Block Village A B C D E F G H I J K L M N 
LA 2 Namkhana Lakshmipur 22 0 1 0 0 1 0 0 0 1 3 1 1 1 
LA 6 Namkhana Lakshmipur 4 0.25 1 1 0 1 0 1 1 1 3 1 0 1 
LA 1 Namkhana Lakshmipur 6 0 0 0 0 1 0 0 0 1 3 3 0 1 
LA 3 Namkhana Lakshmipur 3 0 1 0 0 1 1 0 0 1 3 1 0 1 
LA 4 Namkhana Lakshmipur 4 1.25 0 0 0 1 1 1 0 1 3 1 0 1 
LA 5 Namkhana Lakshmipur 4 0 1 0 0 1 0 1 0 1 3 3 0 1 
LA 7 Namkhana Lakshmipur 3 0 1 0 0 0 0 0 0 1 2 1 0 1 
LA 8 Namkhana Lakshmipur 3 0 1 1 0 0 0 0 0 1 4 1 0 1 
LA 9 Namkhana Lakshmipur 5 0 0 0 0 1 0 0 0 1 2 1 0 1 
LA 10 Namkhana Lakshmipur 2 0 0 1 0 0 0 0 0 0 0 0 1 1 
BG 2 Namkhana Bagdanga 2 1.5 1 0 0 0 0 1 0 1 4 1 1 1 
BG 3 Namkhana Bagdanga 3 0 0 0 0 0 0 1 0 1 4 1 0 1 
BG 4 Namkhana Bagdanga 6 0 0 0 0 0 1 1 0 1 4 1 0 1 
BG 8 Namkhana Bagdanga 6 0 1 0 0 0 0 1 0 1 4 1 0 1 
BG 9 Namkhana Bagdanga 4 0 1 0 0 0 1 1 0 1 4 1 0 1 
BG 10 Namkhana Bagdanga 4 0 1 0 0 0 1 1 0 1 4 1 0 1 
BG 11 Namkhana Bagdanga 4 0 1 0 0 0 1 1 0 1 4 1 0 1 
BG 15 Namkhana Bagdanga 12 0 1 1 0 0 1 1 0 1 4 1 0 1 
BG 17 Namkhana Bagdanga 5 0 1 0 0 0 1 1 0 1 4 1 1 1 
BG 18 Namkhana Bagdanga 4 0 1 0 0 0 1 1 0 1 4 1 0 1 
BG 24 Namkhana Bagdanga 3 0 0 0 0 0 0 1 0 1 4 1 0 1 
BG 25 Namkhana Bagdanga 3 0 0 0 0 0 0 1 0 1 4 1 0 1 
BG 26 Namkhana Bagdanga 6 5 1.25 0 0 0 0 1 1 1 4 1 1 1 
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BG 29 Namkhana Bagdanga 4 0 1 1 0 0 0 1 0 1 4 1 0 1 
BG 1 Namkhana Bagdanga 9 0 0 0 0 0 0 1 1 1 4 1 0 1 
BG 5 Namkhana Bagdanga 6 0 0 1 0 0 1 1 0 1 4 1 0 1 
BG 6 Namkhana Bagdanga 5 0 0 0 0 0 1 1 0 1 4 1 0 1 
BG 7 Namkhana Bagdanga 3 0 1 0 0 0 0 1 0 1 4 1 0 1 
BG 12 Namkhana Bagdanga 3 0 1 0 0 0 1 1 0 1 4 1 0 1 
BG 13 Namkhana Bagdanga 4 0 1 0 0 0 1 1 0 1 4 1 0 1 
BG 14 Namkhana Bagdanga 8 0 1 0 0 0 1 1 0 1 4 1 0 1 
BG 16 Namkhana Bagdanga 3 0.6 1 0 0 0 1 1 0 1 4 1 0 1 
BG 19 Namkhana Bagdanga 4 0 0 0 0 0 1 1 0 1 4 1 0 1 
BG 20 Namkhana Bagdanga 4 0.5 0 0 0 0 1 1 0 1 4 1 0 1 
BG 21 Namkhana Bagdanga 5 0.4 0 0 0 0 1 1 0 1 4 1 1 1 
BG 22 Namkhana Bagdanga 7 0.29 1 0 0 0 1 1 0 1 4 1 0 1 
BG 23 Namkhana Bagdanga 5 0 1 0 0 0 1 1 0 1 4 1 0 1 
BG 27 Namkhana Bagdanga 10 0.2 1 0 0 0 0 1 1 1 4 1 0 1 
BG 28 Namkhana Bagdanga 7 0 1 0 0 0 0 1 1 1 4 1 0 1 
BG 30 Namkhana Bagdanga 7 0 1 0 0 0 0 0 0 0 4 1 0 1 
BG 31 Namkhana Bagdanga 5 0 1 1 0 0 1 1 0 1 4 1 0 1 
BG 33 Namkhana Bagdanga 6 0.33 1 0 1 0 1 1 0 1 4 1 1 1 
BG 32 Namkhana Bagdanga 4 0 0 0 0 0 1 1 0 1 4 1 0 1 
DC 19 Namkhana Dakshin Chandanpiri 5 1 1 1 0 0 0 0 1 1 1 2 1 1 
DC 12 Namkhana Dakshin Chandanpiri 6 1 0 1 0 0 0 1 1 1 1 2 0 1 
DC 16 Namkhana Dakshin Chandanpiri 3 0.3 1 0 0 0 0 0 0 1 1 2 0 0 
DC 27 Namkhana Dakshin Chandanpiri 8 0.2 0 0 0 0 0 0 1 1 0 2 0 0 
DC 4 Namkhana Dakshin Chandanpiri 3 1 1 0 0 0 0 1 1 1 1 2 0 1 
DC 5 Namkhana Dakshin Chandanpiri 3 0 0 0 0 0 0 0 0 1 1 2 0 1 
DC 9 Namkhana Dakshin Chandanpiri 4 0.75 1 0 0 0 0 1 1 1 2 1 0 1 
DC 14 Namkhana Dakshin Chandanpiri 8 0.75 0 0 0 1 0 1 1 1 1 2 0 1 
DC 22 Namkhana Dakshin Chandanpiri 3 0.5 1 0 0 0 0 0 0 1 1 2 0 1 
DC 25 Namkhana Dakshin Chandanpiri 4 0.75 1 0 0 0 0 0 1 1 1 2 0 1 
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DC 29 Namkhana Dakshin Chandanpiri 4 1.25 0 0 0 1 0 1 1 1 1 2 0 1 
DC 30 Namkhana Dakshin Chandanpiri 3 0 1 0 0 0 0 0 0 1 3 2 0 1 
DC 31 Namkhana Dakshin Chandanpiri 5 0 1 1 0 0 0 1 1 1 3 2 0 0 
DC 1 Namkhana Dakshin Chandanpiri 2 21 1 0 0 1 0 0 1 1 0 2 0 0 
DC 15 Namkhana Dakshin Chandanpiri 4 0 1 0 0 0 0 1 1 1 1 2 0 0 
DC 17 Namkhana Dakshin Chandanpiri 6 1.5 1 0 0 1 0 0 0 1 1 2 0 1 
DC 20 Namkhana Dakshin Chandanpiri 6 0.25 1 0 0 0 0 0 1 1 1 2 0 1 
DC 21 Namkhana Dakshin Chandanpiri 5 0.6 1 0 0 0 0 0 0 1 1 2 0 1 
DC 23 Namkhana Dakshin Chandanpiri 3 1 1 0 0 0 0 0 0 1 1 2 0 1 
DC 26 Namkhana Dakshin Chandanpiri 10 0.1 1 0 0 0 0 0 0 1 1 2 0 1 
DC 32 Namkhana Dakshin Chandanpiri 5 0.02 1 0 0 0 0 0 0 1 4 3 0 1 
DC 37 Namkhana Dakshin Chandanpiri 8 0.25 1 0 0 1 0 0 1 0 3 2 0 1 
DC 40 Namkhana Dakshin Chandanpiri 4 0 1 0 0 0 0 0 1 0 0 2 0 0 
DC 42 Namkhana Dakshin Chandanpiri 6 0.25 1 1 0 0 0 1 0 1 0 2 0 0 
DC 2 Namkhana Dakshin Chandanpiri 4 0.25 0 0 0 1 0 1 1 1 3 1 0 1 
DC 3 Namkhana Dakshin Chandanpiri 5 0.4 0 0 0 1 0 0 1 1 1 2 0 0 
DC 6 Namkhana Dakshin Chandanpiri 9 0.6 0 0 0 0 0 1 1 1 1 2 0 1 
DC 7 Namkhana Dakshin Chandanpiri 5 1 0 0 0 0 0 1 1 1 1 2 0 1 
DC 8 Namkhana Dakshin Chandanpiri 3 1.7 0 1 0 1 0 1 1 1 3 1 1 1 
DC 10 Namkhana Dakshin Chandanpiri 4 1.75 1 0 0 1 0 1 1 1 3 1 0 1 
DC 11 Namkhana Dakshin Chandanpiri 8 0.25 0 0 0 0 0 1 1 1 1 2 0 1 
DC 13 Namkhana Dakshin Chandanpiri 3 2 0 1 0 0 0 1 1 1 1 2 0 1 
DC 18 Namkhana Dakshin Chandanpiri 4 0.125 0 0 0 1 0 0 0 1 1 2 0 1 
DC 24 Namkhana Dakshin Chandanpiri 5 0.4 1 0 0 0 0 0 0 1 1 2 0 1 
DC 28 Namkhana Dakshin Chandanpiri 4 2.5 0 1 0 0 0 0 0 1 1 2 0 0 
DC 33 Namkhana Dakshin Chandanpiri 3 0.7 0 0 1 0 0 0 1 1 3 2 0 1 
DC 34 Namkhana Dakshin Chandanpiri 5 2.4 0 0 1 0 0 0 1 1 1 2 1 1 
DC 35 Namkhana Dakshin Chandanpiri 12 0.5 0 1 1 0 0 0 0 1 1 2 0 1 
DC 36 Namkhana Dakshin Chandanpiri 4 1.25 1 1 0 0 0 0 0 1 1 2 0 0 
DC 38 Namkhana Dakshin Chandanpiri 4 1 1 0 1 0 0 0 1 0 0 2 1 0 
167 
DC 39 Namkhana Dakshin Chandanpiri 4 0.75 0 0 1 0 0 0 1 0 0 2 1 0 
DC 41 Namkhana Dakshin Chandanpiri 4 1.63 0 0 1 1 0 0 0 0 0 2 0 0 
DC 43 Namkhana Dakshin Chandanpiri 4 0.38 1 0 0 0 0 1 0 1 0 2 0 0 
DC 44 Namkhana Dakshin Chandanpiri 5 0 1 0 0 0 0 0 1 1 1 2 0 1 
DC 45 Namkhana Dakshin Chandanpiri 4 0 1 0 0 0 0 0 1 1 1 2 0 1 
M13 Namkhana Madanganj 3 0 1 0 1 0 0 0 1 1 0 2 0 0 
M15 Namkhana Madanganj 7 1 0 0 0 0 0 0 1 1 3 3 1 1 
M2 Namkhana Madanganj 5 0 1 0 0 0 0 1 1 1 1 3 0 0 
M7 Namkhana Madanganj 5 0.3 1 0 0 0 0 0 1 1 1 3 0 1 
M12 Namkhana Madanganj 3 0.5 0 0 0 0 0 0 1 1 1 2 0 1 
M20 Namkhana Madanganj 6 0.5 0 0 0 0 0 1 1 1 3 1 0 1 
M4 Namkhana Madanganj 6 0.7 1 0 0 0 0 0 0 1 2 3 1 0 
M6 Namkhana Madanganj 5 0.6 1 0 0 1 0 0 0 1 1 3 1 1 
M11 Namkhana Madanganj 4 0.25 0 0 0 0 0 0 1 1 1 2 0 1 
M16 Namkhana Madanganj 6 0.5 0 0 0 0 0 0 0 1 2 3 0 1 
M24 Namkhana Madanganj 10 0.2 0 0 0 0 0 0 1 1 1 1 0 0 
M27 Namkhana Madanganj 5 0.3 0 0 0 0 0 1 1 1 1 3 0 1 
M 1 Namkhana Madanganj 4 0 1 1 0 0 0 0 1 1 1 3 0 0 
M3 Namkhana Madanganj 2 0 0 0 0 0 0 1 0 1 1 3 0 0 
M5 Namkhana Madanganj 4 0 1 0 0 0 0 0 0 1 2 3 0 0 
M8 Namkhana Madanganj 4 0 1 0 0 0 0 0 0 1 2 3 0 1 
M9 Namkhana Madanganj 1 1.5 0 0 0 1 0 0 0 1 1 2 1 1 
M10 Namkhana Madanganj 2 1.5 0 0 1 0 0 0 0 1 1 2 0 0 
M14 Namkhana Madanganj 4 0 0 0 1 0 0 0 0 1 1 3 0 1 
M17 Namkhana Madanganj 4 0 0 1 0 1 0 0 0 1 1 3 1 1 
M18 Namkhana Madanganj 7 0.6 0 1 0 0 0 1 0 1 2 3 0 1 
M19 Namkhana Madanganj 4 1.125 0 1 0 0 0 1 1 1 1 3 0 0 
M21 Namkhana Madanganj 5 0.9 0 0 0 1 0 1 0 1 1 3 1 1 
M22 Namkhana Madanganj 3 0 1 0 0 0 0 0 0 1 1 3 0 1 
M23 Namkhana Madanganj 12 0.3 0 0 1 0 0 0 0 1 1 3 0 1 
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M25 Namkhana Madanganj 7 0.3 0 0 0 0 0 0 0 1 1 3 0 0 
M26 Namkhana Madanganj 4 1.25 0 0 0 0 0 0 0 1 1 3 0 0 
N 1 Namkhana Narayanganj 4 0.5 1 0 0 0 0 1 0 1 4 1 0 0 
N 3 Namkhana Narayanganj 3 0 1 1 0 0 1 1 0 1 4 1 0 1 
N 5 Namkhana Narayanganj 6 0.3 1 0 0 0 1 1 0 0 4 1 0 1 
N 9 Namkhana Narayanganj 6 0 1 0 0 0 1 1 0 1 4 1 0 1 
N 11 Namkhana Narayanganj 6 0 1 0 0 0 0 1 1 1 4 1 0 1 
N 2 Namkhana Narayanganj 4 1.5 0 1 0 0 0 0 1 0 1 3 0 0 
N 4 Namkhana Narayanganj 2 0 1 0 0 0 1 1 0 0 4 1 0 1 
N 6 Namkhana Narayanganj 3 0.7 1 0 0 0 0 1 1 0 4 1 0 1 
N 7 Namkhana Narayanganj 5 0 1 0 0 0 1 1 0 0 4 1 0 1 
N 8 Namkhana Narayanganj 5 0.3 1 0 0 0 0 1 0 0 4 1 0 1 
N 10 Namkhana Narayanganj 3 0 0 0 0 1 1 1 0 1 4 1 0 1 
N 12 Namkhana Narayanganj 6 0.75 0 0 0 0 0 0 0 1 4 1 0 1 
N13 Namkhana Narayanganj 1 0 0 0 0 0 0 0 0 1 4 1 0 1 
R 20 Gosaba Rangabelia 6 1.7 1 0 0 0 0 1 1 1 1 3 1 1 
R 19 Gosaba Rangabelia 2 1 1 0 0 0 0 1 1 1 1 3 0 0 
R 21 Gosaba Rangabelia 6 1 0 1 0 0 0 0 1 1 4 1 1 1 
R 26 Gosaba Rangabelia 3 0 1 0 0 0 0 0 0 1 4 3 1 1 
R 24 Gosaba Rangabelia 5 0 0 0 1 0 1 0 0 0 4 1 1 1 
R 5 Gosaba Rangabelia 6 0.3 1 0 0 0 0 1 0 1 4 3 1 1 
R 8 Gosaba Rangabelia 6 0 1 0 0 0 0 1 1 1 2 2 1 1 
R 11 Gosaba Rangabelia 6 0 1 1 0 0 0 0 0 1 4 3 0 0 
R 30 Gosaba Rangabelia 6 0.3 1 0 0 0 0 1 1 1 4 3 1 1 
R 25 Gosaba Rangabelia 3 2.3 1 0 0 0 2 0 1 1 1 3 1 0 
R 15 Gosaba Rangabelia 5 0.4 1 0 0 0 0 1 0 1 4 1 1 1 
R 18 Gosaba Rangabelia 7 2.3 0 1 0 0 0 1 0 1 3 3 0 1 
R 28 Gosaba Rangabelia 5 0.4 0 1 0 0 0 0 1 1 1 2 1 1 
R 1 Gosaba Rangabelia 4 0.38 1 0 0 0 1 1 1 1 4 3 0 1 
R 7 Gosaba Rangabelia 7 0.2 1 1 0 0 0 1 1 1 3 1 1 1 
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R 9 Gosaba Rangabelia 4 0 0 1 0 0 0 1 1 1 4 1 1 1 
R 12 Gosaba Rangabelia 4 0.25 0 1 0 0 0 1 1 1 3 3 0 1 
R 16 Gosaba Rangabelia 3 0 1 0 0 0 0 0 0 1 4 3 1 1 
R 3 Gosaba Rangabelia 5 1.2 0 0 1 0 0 1 0 1 1 1 1 1 
R 4 Gosaba Rangabelia 6 5.7 1 0 0 0 0 1 1 1 4 1 1 1 
R 6 Gosaba Rangabelia 4 1.25 0 0 0 0 0 1 1 1 3 3 1 1 
R 10 Gosaba Rangabelia 5 1.4 0 1 0 0 0 1 0 1 1 2 0 0 
R 17 Gosaba Rangabelia 4 1.5 0 0 0 0 0 1 1 1 4 1 1 1 
R 22 Gosaba Rangabelia 5 0 0 1 0 0 0 0 0 1 3 3 1 1 
R 23 Gosaba Rangabelia 4 0.25 0 0 1 0 0 0 1 1 4 1 0 1 
R 31 Gosaba Rangabelia 4 2.5 1 0 0 0 0 1 1 1 3 1 1 1 
R 13 Gosaba Rangabelia 5 0 0 0 1 0 1 0 0 0 4 1 1 1 
R 29 Gosaba Rangabelia 2 1 0 1 0 0 0 0 0 1 3 1 1 1 
R 14 Gosaba Rangabelia 7 0.6 1 0 0 0 0 1 1 1 4 1 0 0 
R 2 Gosaba Rangabelia 5 0.3 0 0 1 0 1 1 1 1 2 3 0 1 
R 27 Gosaba Rangabelia 4 0.75 0 1 0 0 0 1 1 1 4 3 1 1 
BG 23 Gosaba Bagbagan 7 2.6 1 0 0 0 0 1 1 1 2 1 1 1 
BG 5 Gosaba Bagbagan 5 0.4 0 0 0 0 0 1 1 1 3 1 1 1 
BG 6 Gosaba Bagbagan 4 0 0 0 0 1 0 1 0 1 3 3 1 1 
BG 10 Gosaba Bagbagan 10 0 1 0 0 0 1 1 0 1 3 3 1   
BG 12 Gosaba Bagbagan 6 0.3 0 0 0 0 0 1 1 1 4 3 0 1 
BG 13 Gosaba Bagbagan 5 0.5 0 0 0 0 0 1 0 1 3 1 1 1 
BG 20 Gosaba Bagbagan 3 0 0 0 0 0 0 1 0 1 3 3 1 1 
BG 24 Gosaba Bagbagan 5 0.6 1 0 0 0 0 0 0 1 1 3 0 1 
BG 25 Gosaba Bagbagan 5 0.4 0 1 0 1 0 0 0 1 2 3 0 1 
BG 11 Gosaba Bagbagan 4 0 1 0 0 0 0 1 0 1 2 3 0 1 
BG 14 Gosaba Bagbagan 3 0.3 0 0 0 0 0 0 0 1 3 3 0 0 
BG 17 Gosaba Bagbagan 3 1.3 1 0 0 0 0 1 1 1 4 3 1 1 
BG 21 Gosaba Bagbagan 7 1.9 1 1 0 0 0 1 1 1 3 1 1 1 
BG 26 Gosaba Bagbagan 4 0.5 1 0 0 0 0 1 0 1 3 1 0 1 
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BG 3 Gosaba Bagbagan 5 0 1 0 0 0 0 0 0 1 3 3 0 0 
BG 4 Gosaba Bagbagan 3 0.3 1 0 0 0 0 1 1 1 3 1 1 1 
BG 7 Gosaba Bagbagan 4 0.25 0 1 0 0 0 1 1 1 3 1 0 1 
BG 9 Gosaba Bagbagan 10 0.3 0 0 0 0 0 1 0 1 3 2 1 1 
BG 15 Gosaba Bagbagan 4 0 0 0 0 0 1 0 1 0 3 1 0 1 
BG 19 Gosaba Bagbagan 5 0 0 0 0 0 0 1 0 1 4 3 0 1 
BG 28 Gosaba Bagbagan 5 0.4 1 0 0 0 0 0 0 0 2 1 0 1 
BG 1 Gosaba Bagbagan 3 0 0 1 0 0 0 0 0 0 3 1 1 1 
BG 2 Gosaba Bagbagan 4 0.375 1 0 0 0 0 0 1 1 4 3 0 1 
BG 8 Gosaba Bagbagan 3 0 1 0 0 0 0 1 1 1 3 2 0 1 
BG 18 Gosaba Bagbagan 3 1.3 0 1 1 0 0 0 1 1 1 2 1 1 
BG 22 Gosaba Bagbagan 3 1 0 1 0 0 0 1 1 1 3 1 0 1 
BG 27 Gosaba Bagbagan 4 0.5 0 1 1 0 0 1 1 1 2 1 1 1 
BG 29 Gosaba Bagbagan 3 0 1 0 0 0 0 1 1 1 4 1 0 1 
BG 19 Gosaba Bagbagan 1 0 1 0 0 0 1 1 1 4 0 1 1 0 
H Gosaba Hetalbari 7 1 0 1 1 0 0 1 1 1 2 1 1 1 
H Gosaba Hetalbari 6 1 0 0 1 0 0 0 1 1 3 3 1 1 
H Gosaba Hetalbari 7 1 0 0 1 0 0 1 1 1 3 2 0 1 
H Gosaba Hetalbari 2 1 1 1 0 0 0 1 1 1 4 3 1 1 
H 7 Gosaba Hetalbari 4 1 0 0 0 1 0 1 1 1 3 1 1 1 
H 8 Gosaba Hetalbari 4 0 1 0 0 0 0 1 1 1 3 3 0 0 
H 10 Gosaba Hetalbari 4 1.5 0 0 0 0 0 0 0 1 3 2 0 0 
h 11 Gosaba Hetalbari 7 0.6 1 1 0 0 0 1 1 1 2 3 0 1 
h 16 Gosaba Hetalbari 5 0.3 1 1 0 0 0 1 1 1 3 3 0 1 
h 20 Gosaba Hetalbari 6 0.2 1 1 0 0 0 0 0 1 3 3 0 1 
H 2 Gosaba Hetalbari 5 1 1 0 0 0 0 1 1 1 3 1 0 1 
H 4 Gosaba Hetalbari 4 0 0 0 0 0 0 0 1 1 2 2 0 1 
H 6 Gosaba Hetalbari 6 0.3 1 0 0 0 0 1 0 1 3 1 1 1 
H 11 Gosaba Hetalbari 4 0.75 0 0 0 0 0 0 1 1 2 2 1 1 
H 1 Gosaba Hetalbari 4 0 1 0 0 0 0 0 1 1 3 3 0 1 
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H 5 Gosaba Hetalbari 7 0 1 0 0 0 0 0 0 1 1 3 0 0 
H 9 Gosaba Hetalbari 2 1 0 0 0 0 0 0 0 1 4 1 0 0 
H 3 Gosaba Hetalbari 2 5 1 0 0 0 0 0 1 1 2 3 0 1 
H 13 Gosaba Hetalbari 3 0.3 0 0 0 0 0 0 0 1 3 1 1 1 
H 14 Gosaba Hetalbari 4 0.25 0 1 1 0 0 0 1 1 4 1 1 1 
H 15 Gosaba Hetalbari 5 10 1 0 0 1 0 1 1 1 4 1 1 1 
h 1 Gosaba Hetalbari 4 0.25 0 0 0 0 0 0 0 1 3 1 0 1 
h 3 Gosaba Hetalbari 5 0.4 0 1 0 1 0 1 0 1 3 1 1 1 
h 4 Gosaba Hetalbari 2 1.5 0 1 0 0 0 1 0 1 1 2 0 1 
h 5 Gosaba Hetalbari 4 0.75 1 0 0 0 0 1 1 1 3 1 1 1 
h 6 Gosaba Hetalbari 5 0.3 1 0 0 0 0 0 0 1 2 1 0 1 
h 8 Gosaba Hetalbari 4 0.875 0 1 0 0 0 1 0 1 1 3 1 1 
h 9 Gosaba Hetalbari 2 1 0 1 0 0 0 1 0 1 1 2 1 1 
h 10 Gosaba Hetalbari 2 1.5 0 1 0 0 0 1 0 1 3 3 1 1 
h1 2 Gosaba Hetalbari 5 0.3 1 0 0 0 0 1 1 1 1 2 1 1 
h 13 Gosaba Hetalbari 4 0.25 1 0 0 0 0 1 0 1 4 2 1 1 
h 19 Gosaba Hetalbari 6 0.2 1 0 1 0 0 0 1 1 3 1 1 1 
h 2 Gosaba Hetalbari 7 0.1 0 0 0 0 0 0 0 1 0 2 1 1 
h 7 Gosaba Hetalbari 5 0 0 0 0 0 0 0 0 1 2 3 0 1 
h 15 Gosaba Hetalbari 3 0 0 0 0 0 0 0 0 1 3 2 0 1 
DR Gosaba Dakshin Radhanagar 4 1 1 0 0 0 0 0 1 1 2 3 1 1 
Dr 17 Gosaba Dakshin Radhanagar 5 0 0 0 0 0 0 0 1 1 4 3 0 1 
Dr 24 Gosaba Dakshin Radhanagar 3 0.7 1 0 0 0 0 0 1 1 3 3 0 1 
Dr 26 Gosaba Dakshin Radhanagar 5 0.6 1 0 0 0 0 0 1 1 1 2 0 1 
Dr 35 Gosaba Dakshin Radhanagar 5 0.9 1 0 0 0 0 0 1 1 3 2 1 1 
Dr 36 Gosaba Dakshin Radhanagar 4 0.25 0 1 0 0 0 0 0 1 2 3 1 1 
Dr 29 Gosaba Dakshin Radhanagar 2 1.5 0 1 0 0 0 0 1 1 2 1 1 1 
Dr 4 Gosaba Dakshin Radhanagar 5 0 1 0 0 0 0 0 1 1 2 2 0 0 
Dr 12 Gosaba Dakshin Radhanagar 8 0.625 1 0 0 0 0 1 1 1 2 3 1 1 
Dr 15 Gosaba Dakshin Radhanagar 6 0.7 0 0 0 0 0 1 1 1 4 1 1 1 
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Dr 16 Gosaba Dakshin Radhanagar 5 1.2 0 1 0 0 0 0 0 1 2 2 0 1 
Dr 18 Gosaba Dakshin Radhanagar 2 2.5 0 0 1 0 0 1 1 1 4 1 1 1 
Dr 32 Gosaba Dakshin Radhanagar 7 0.6 0 1 0 0 0 1 1 1 4 1 0 1 
Dr 38 Gosaba Dakshin Radhanagar 7 0.4 0 1 0 0 1 1 1 1 2 1 0 1 
DR1 Gosaba Dakshin Radhanagar 7 0.7 1 0 0 0 0 1 1 1 3 1 0 1 
Dr 2 Gosaba Dakshin Radhanagar 6 1.7 1 0 0 0 0 0 1 0 0 2 0 1 
Dr 3 Gosaba Dakshin Radhanagar 5 0 1 0 0 0 0 0 0 1 4 1 0 0 
Dr 9 Gosaba Dakshin Radhanagar 5 0 1 0 0 0 0 0 0 1 2 1 0 1 
Dr 10 Gosaba Dakshin Radhanagar 7 0.3 1 0 0 0 0 0 0 0 3 3 0 1 
Dr 11 Gosaba Dakshin Radhanagar 4 0 0 0 0 0 0 0 0 0 2 3 1 1 
Dr 13 Gosaba Dakshin Radhanagar 7 0 1 0 0 0 0 0 0 0 2 3 0 1 
Dr 14 Gosaba Dakshin Radhanagar 5 2 1 0 0 0 0 1 1 1 3 1 0 1 
Dr 20 Gosaba Dakshin Radhanagar 5 0 0 0 0 0 0 0 1 1 3 1 1 1 
Dr 21 Gosaba Dakshin Radhanagar 4 0 0 0 0 0 0 0 0 1 2 3 1 1 
Dr 25 Gosaba Dakshin Radhanagar 5 0.4 1 0 0 0 1 1 1 1 3 1 0 1 
Dr 31 Gosaba Dakshin Radhanagar 4 0.5 0 0 0 0 0 0 1 1 3 3 0 0 
Dr 22 Gosaba Dakshin Radhanagar 3 2 0 0 0 0 0 0 1 1 2 3 0 1 
Dr 6 Gosaba Dakshin Radhanagar 5 1.2 0 1 0 0 0 0 1 1 3 2 0 0 
Dr 7 Gosaba Dakshin Radhanagar 4 0 1 0 0 0 0 1 1 1 3 3 0 0 
Dr 8 Gosaba Dakshin Radhanagar 5 0 1 0 0 0 0 0 0 1 2 1 1 1 
Dr 23 Gosaba Dakshin Radhanagar 4 0 1 0 0 0 0 1 0 1 3 3 0 1 
Dr 27 Gosaba Dakshin Radhanagar 5 0.6 1 0 0 0 0 0 1 1 2 3 0 1 
Dr 28 Gosaba Dakshin Radhanagar 4 0 1 0 0 0 0 1 1 1 2 1 0 1 
Dr 34 Gosaba Dakshin Radhanagar 8 3.38 0 0 0 0 1 1 1 1 3 1 1 1 
Dr 5 Gosaba Dakshin Radhanagar 4 4 1 0 0 0 0 0 1 1 3 1 0 0 
Dr 37 Gosaba Dakshin Radhanagar 2 0 0 1 0 0 0 0 0 1 2 3 0 1 
Dr 33 Gosaba Dakshin Radhanagar 5 0.6 0 0 0 0 0 1 1 1 3 1 1 1 
Dr 30 Gosaba Dakshin Radhanagar 5 0.6 0 0 0 0 0 0 0 1 3 1 0 1 
S 10 Gosaba Sudhanshupur 5 1 1 1 0 0 0 1 0 1 4 1 0 1 
S 8 Gosaba Sudhanshupur 4 0 1 1 0 0 0 1 1 1 3 2 0 1 
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S 1 Gosaba Sudhanshupur 4 6.5 1 0 0 0 0 1 1 1 4 1 0 1 
S2 Gosaba Sudhanshupur 6 0 1 0 0 0 0 1 1 1 0 1 0 1 
S 5 Gosaba Sudhanshupur 7 0.9 1 0 0 0 0 0 1 1 2 1 0 1 
S 4 Gosaba Sudhanshupur 11 1.3 1 1 0 0 0 1 1 1 4 1 0 1 
S 6 Gosaba Sudhanshupur 8 0 1 1 0 0 0 0 1 1 4 1 0 1 
S 3 Gosaba Sudhanshupur 5 0 1 1 0 0 0 1 1 1 2 2 0 1 
S 7 Gosaba Sudhanshupur 4 0 1 1 0 0 0 1 1 1 4 2 0 1 
S 9 Gosaba Sudhanshupur 4 0.75 1 0 0 0 1 1 1 1 0 1 0 1 
S 21 Gosaba Sudhanshupur 4 0.25 0 0 0 0 0 1 1 1 3 1 0 1 
S 28 Gosaba Sudhanshupur 6 0.25 1 0 0 0 0 1 0 1 4 1 0 1 
S 13 Gosaba Sudhanshupur 5 0 0 0 0 0 0 0 0 0 2 3 0 0 
S 14 Gosaba Sudhanshupur 4 0 0 0 0 0 0 0 0 1 2 1 0 1 
S 17 Gosaba Sudhanshupur 7 0.4 1 0 0 0 0 1 1 1 3 1 0 1 
S 22 Gosaba Sudhanshupur 3 0.8 0 0 0 0 0 1 1 1 4 3 0 1 
S 38 Gosaba Sudhanshupur 4 0.05 1 0 0 0 0 1 1 1 2 3 0 0 
S 27 Gosaba Sudhanshupur 4 0.5 1 0 0 0 0 1 0 1 3 1 0 1 
S 11 Gosaba Sudhanshupur 4 0.25 1 0 0 0 0 0 1 1 3 2 0 1 
S 18 Gosaba Sudhanshupur 6 0.25 1 0 0 0 0 1 1 1 3 1 0 1 
S 16 Gosaba Sudhanshupur 4 0.375 0 0 0 0 0 0 1 1 2 2 0 1 
S 39 Gosaba Sudhanshupur 5 0.6 1 0 0 0 0 0 1 1 3 1 0 1 
S 26 Gosaba Sudhanshupur 4 0.125 0 0 0 0 0 0 1 1 2 1 0 0 
S 19 Gosaba Sudhanshupur 5 0.4 1 0 0 0 0 0 1 1 1 3 0 0 
S 12 Gosaba Sudhanshupur 4 1.25 1 0 0 0 1 1 1 1 2 1 0 1 
S 24 Gosaba Sudhanshupur 13 0.1 1 0 0 0 0 1 1 1 4 1 0 1 
S 25 Gosaba Sudhanshupur 3 0.3 1 0 0 0 0 1 1 1 2 2 0 0 
S 32 Gosaba Sudhanshupur 5 0.3 1 0 0 0 0 1 1 1 2 1 0 1 
S 15 Gosaba Sudhanshupur 5 5 1 0 0 0 0 1 1 1 3 3 0 1 
S 31 Gosaba Sudhanshupur 5 0.4 0 1 0 0 0 1 0 1 2 1 0 1 
S 34 Gosaba Sudhanshupur 2 1.5 0 0 0 0 0 1 1 1 3 2 1 1 
S 33 Gosaba Sudhanshupur 5 0.4 1 0 0 0 0 0 1 1 3 1 1 1 
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S 20 Gosaba Sudhanshupur 2 2 1 0 0 0 0 1 1 1 3 2 0 1 
S 29 Gosaba Sudhanshupur 5 0 0 1 0 0 0 1 1 1 4 2 1 1 
S 36 Gosaba Sudhanshupur 6 0.8 1 0 0 0 0 1 1 1 4 1 0 1 
S 23 Gosaba Sudhanshupur 5 0.6 0 0 0 0 0 1 1 1 4 2 0 0 
S 37 Gosaba Sudhanshupur 4 1 0 0 1 0 0 1 1 1 2 2 0 1 
S 38 Gosaba Sudhanshupur 2 0 1 1 0 0 0 1 1 1 2 1 0 1 
S 39 Gosaba Sudhanshupur 4 0 1 0 0 0 0 1 1 1 4 1 0 1 
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Table C-3 Demographic information about the migrant population 
Block Village Number Age Male Female Single Married 
Namkhana Block 
Lakshmipur 2 28 2 0 1 1 
Bagdanga 32 39 31 1 2 30 
Dakshin Chandanpiri 29 36 29 0 6 23 
Madanganj 10 33 10 0 1 9 
Narayanganj 5 35 5 0 0 5 
Gosaba  
Block 
Rangabelia 20 36 20 0 5 15 
Bagbagan 30 34 30 0 7 23 
Hetalbari 20 34 18 2 5 15 
Dakshin Radhanagar 43 38 38 5 1 42 
Sudhangshupur 45 32 45 0 18 27 
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Table C-4 Distribution of socio-economic, demographic variables and environmental risk perception among the three groups of 
migrants (village wise) 
Household properties include Family Size (A) and Landholding (B); Income sources include, Daily Labor (C), Small Businesses (D), 
Salaried (E) and Commercial Fisheries (F); Income loss due to, Erosion (G), Salinity Intrusion (H), Rainfall Variability (I) and Severe 
storms like Aila in 2009 (J); Households perceiving Environmental Risk (K), Change in Environmental Risk (L), Effects of Climate 
Change (M) and Effects of Sea Level Rise (N).  
Groups Villages A B C D E F G H I J K L M N 
Group 1 
Lakshmipur 4.96 0.14 0.63 0.08 0.00 0.00 0.75 1.00 0.04 1.00 4.00 1.00 0.13 1.00 
Dakshin Chandanpiri 5.50 0.26 0.50 0.00 0.00 0.00 0.00 0.00 0.50 1.00 0.50 2.00 0.00 0.00 
Madanganj 4.40 0.17 0.60 0.60 0.00 0.00 0.20 0.80 0.80 1.00 3.60 2.20 0.60 1.00 
Narayanganj 5.14 0.18 0.43 0.14 0.00 0.00 0.14 0.57 0.43 0.71 3.00 1.71 0.29 0.86 
Rangabelia 4.67 0.19 0.33 0.00 0.00 0.00 0.00 0.00 0.17 1.00 2.17 2.33 0.17 0.67 
Bagbagan 5.07 0.83 0.64 0.00 0.00 0.00 0.07 0.21 0.57 0.71 2.50 1.93 0.21 0.79 
Hetalbari 5.00 0.60 0.68 0.00 0.00 0.00 0.05 0.63 0.79 0.95 2.63 1.68 0.00 0.74 
Dakshin Radhanagar 4.96 0.34 0.54 0.12 0.00 0.00 0.17 0.46 0.47 0.91 2.63 1.84 0.20 0.72 
Group 2 
Dakshin Chandanpiri 5.36 2.27 1.00 0.09 0.00 0.27 0.00 0.18 0.45 0.82 1.18 2.09 0.00 0.64 
Madanganj 6.00 0.41 0.33 0.00 0.00 0.17 0.00 0.17 0.50 1.00 1.33 2.50 0.33 0.67 
Narayanganj 5.25 0.08 1.00 0.25 0.00 0.00 0.75 1.00 0.25 0.75 4.00 1.00 0.00 1.00 
Rangabelia 6.17 0.50 1.00 0.17 0.00 0.00 0.00 0.83 0.67 1.00 3.17 2.50 0.67 0.67 
Bagbagan 5.38 0.28 0.25 0.13 0.00 0.25 0.13 0.75 0.25 1.00 2.75 2.50 0.63 1.00 
Hetalbari 4.75 0.52 0.50 0.00 0.00 0.00 0.00 0.50 0.75 1.00 2.50 1.50 0.50 1.00 
Dakshin Radhanagar 5.63 0.82 0.25 0.38 0.13 0.00 0.13 0.63 0.75 1.00 2.88 1.50 0.38 0.88 
Sudhanshupur 5.80 1.04 1.00 0.60 0.00 0.00 0.10 0.80 0.90 1.00 2.70 1.30 0.00 1.00 
Group 3 
Dakshin Chandanpiri 0.48 0.73 0.18 0.00 0.36 0.00 0.55 0.64 1.00 1.82 1.73 0.09 0.91 0.82 
Rangabelia 0.33 0.50 0.00 0.00 0.00 0.00 0.50 1.00 1.00 1.50 2.25 0.00 0.75 1.00 
Bagbagan 0.50 1.00 0.00 0.00 0.00 0.00 1.00 0.00 1.00 4.00 1.00 0.00 0.00 1.00 
Hetalbari 1.10 0.83 0.17 0.00 0.00 0.00 0.83 0.50 1.00 2.83 2.00 0.50 0.83 0.50 
Dakshin Radhanagar 0.59 0.67 0.50 0.00 0.17 0.00 0.67 0.67 1.00 2.83 2.50 0.17 0.67 0.67 
Sudhanshupur 0.65 0.43 0.29 0.00 0.00 0.00 0.14 0.86 1.00 2.57 2.14 0.57 1.00 0.71 
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Table C-5 Correlation matrix for variables between migrants and non-migrant households.  
  Migration A B C D E F G H I J K L M N O 
Migration 1.00                               
A 0.17 1.00                             
B -0.06 -0.11 1.00                           
C 0.16 0.08 0.05 1.00                         
D -0.15 -0.01 -0.04 -0.23 1.00                       
E -0.32 0.00 0.03 -0.24 -0.01 1.00                     
F -0.16 0.02 0.20 -0.13 -0.04 0.00 1.00                   
G 0.10 0.01 -0.08 0.09 -0.07 0.00 -0.04 1.00                 
H 0.05 0.05 0.02 0.10 0.08 -0.15 -0.03 0.25 1.00               
I 0.05 0.03 0.21 0.03 -0.02 0.05 -0.07 -0.21 0.15 1.00             
J 0.09 0.02 0.06 -0.01 0.06 -0.13 0.01 -0.07 0.20 0.09 1.00           
K 0.11 0.04 -0.10 0.15 -0.01 -0.14 -0.12 0.29 0.39 -0.08 0.08 1.00         
L 0.05 -0.06 -0.01 -0.08 0.04 -0.05 -0.07 -0.25 -0.25 -0.01 0.09 -0.34 1.00       
M -0.10 -0.01 0.12 -0.14 0.05 0.16 0.05 0.01 0.05 0.05 0.00 0.01 0.00 1.00     
N 0.01 0.08 -0.10 -0.01 0.01 -0.02 0.06 0.13 0.23 -0.03 0.08 0.30 -0.22 0.15 1.00   
O -0.08 0.11 0.22 0.08 0.22 0.19 0.25 -0.20 0.03 0.13 0.02 -0.18 0.02 0.06 -0.01 1 
 Household properties include Family Size (A) and Landholding (B); Income sources include, Daily Labor (C), Small Businesses (D), 
Salaried (E) and Commercial Fisheries (F); Income loss due to, Erosion (G), Salinity Intrusion (H), Rainfall Variability (I) and Severe 
storms like Aila in 2009 (J); Households perceiving Environmental Risk (K), Change in Environmental Risk (L), Effects of Climate 
Change (M) and Effects of Sea Level Rise (N), Number of in-situ income sources  (O). 
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